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AD VER T I SEME NT. 



J.v this nei^ Edition, an attempt has been 
made to present to young readers a Jew 
elementary notions on two Chemical sab' 
jects, one qf which had not yet been noticed 
In/ Chemists, tvhen the Jbrmer Edition was 
sent io the I'ress, while the other had hitherto 
appeared too novel and d^cult to be intro- 
duced in this tVork. The sidgects alluded 
to are the late discoveries on Electro-Mag- 
netism, and the doctrine qf D^nite Pro- 
portions. In other respects this Edition has 
mdergotte but very slight changes. 
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PREFACE. 



In venturing to oSer to the public, and 
more particulu'ly to the female sex, an In- 
troduction to Chemistry, the author, hpn 
self a womui, conceives that son\e explat 
natioa Toaj be required ; and she feels it 
the more necessary to apologise for the pre- 
sent undertaking, as her knowledge of the 
subject is but recent, and as ehe can-liave 
no real claims to the ti'tic of chemist. 

On attenJiiig for the first time experi- 
mental lectures, the author found it almost 
impossible to derive any clear or satisi'ac- 
tory information from the rapid demonstra- 
tions which are usually, and perhaps neces- 
sarily, crowded into popular courses of this 
kind. But Sequent opportunities having 
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afterwards occurred of conversing with a 
friend on the subject of chemistry, and of 
repeating a variety of experiments, she be- 
came better acquainted with the principles 
of that science, and began to feel highly 
interested in its pursuit. It was then that 
she perceived) in attending the excellent 
lectures delivered at the Royal Institution, 

great advantage 'wluch her previous 'know- 
ledge of the subject, slight as it vas, gave 
lier over others who had not ei^oyed the 
same mean^ of piivate instruction. Every 
fact or experiment attracted her attention, 
and served to explain some theory to which 
she-was not a total stranger ; and she had 
the gratification tofiod that the numerous 
and elegant illustrations, for which that 
scliool is so much distinguished, seldom 
failed to produce on her mind the effect 
for which they were intended. 

Hence it was natural to infer, that iami- 
lier convereation was, in studies of this 
kind, a most useful auxiliary source of in- 
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PREFACE. 



fomation ; and moie especially to the fe- 
male sex, whose education is seldom calcu- 
lated to prepare their minds for abstract 
ideas, or scientific language. 

As, however, there are but few women 
who have access to this mode of instruc- 
tion ; and as the author was not acquainted 
with any book that could prove a substitute, 
for it, she thought that it might be useful 
for beginners, as well as«atis&ctory to her- 
adC to trace the ste^s by which she had 
acquired her little stock of chemical , know- 
ledge, and to recOTd, in the form of dia- 
l(>gue, those ideas which she had first de- 
rived from conversation. 

But to do this with sufficient- method, 
and to fix upon a mode of arrangement, 
was an object of some difficulty. After 
much hesitation, and a degree of embarrass- 
ment, which, probably, the most compe- 
tent chemical writers have often felt in 
common with the most superficial, a mode 
of division was adopted, which, tliough the 
most natural, does not always admit of 
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being strictly pursued — it is ttiat of treating 
first of the simplest bodies, and then gra- 
dually rising to the most intricate com- 
pounds. 

It is not the author's intention to enter 
into a minute vindication of this plan. But 
i^atever may be its advantages or incon- 
veniences, tlie method adopted in this 
woA is 'SBd^ThBtt^s'yot'Sg ptipi'i who 
should only recur to it occa^onally with a 
view to procure information on particular 
subjects, might often find it obscure or un- 
satisfactory; for its various parts are so con- 
nected with each other as to form an unin- 
terrupted chain of facts and reasonings, 
which will appear sufficiently clear and con- 
sistent to those only-whojnay have patience 
to go throu^ the vrhole yfoikr or have 
previoualy devoted some attention to the 
subject. 

It will, no doubt, be observed, that in 
the course of these Conversations, remarks 
aie often introduced, which appear much 
too acute for the young pupils, by whom 
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they are supposed to be made. Of this 
fault the author is fully aware. But, in 
order to avoid it, it would have been neces- 
sary either to omit a variety of useful illus- 
trations, or to submit to such minute expla- 
nations and frequent repetitions, as would 
have rendered the work tedious, aad tbere- 
tax l&a &aited„to >ts intended purpose. 

In writing these pages, the author was 
more than once checked in her progress 
by the apprehension that such an attempt 
might be considered by some, either as UD- 
suited to the ordinary pursuits of her a&St 
or ill-justified by her own imperfect know- 
ledge of the subject. But, on the one 
hand, she felt encouraged by the estab- 
lishment of those public institutions, open 
to both sexes, for the dissemination of phi- 
losophical knowledge, which, clearly prove 
that the general opinion no longer ex- 
cludes women from an acquaintance with 
the elements of science; and, on the other, 
she flattered herself that whilst the impres- 
sions made upon her mind, by the wonders 
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of Nature, studied in this new point of 
view, were still fresh and strong, she might, 
perhaps, succeed the better in communi- 
cating to others the sentimenis she herself" 
experienced. 

The reader will perceive, in perusing this 
work, that he is supposed to have ju'evi- 
ously acquired some slight knowledge of na- 
tural philos<^kb}v~a_circumstance so desir- 
able, that the author has, since the origi- 
nal publication of this work, been induced 
to ofier to the public a small tract, entitled 
<< CoDTeisataons on Natural Hiilosopby," 
in which the most essential rudiments of 
that science are familiarly explained. 
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CONVERSATIONS . 

CHEMISTRY. 



GONVBESATION L 
ON THE ckttEBAL PBHTCIFLES OF CHBHIfrntT^ 

MRS. B. 

As you have now acqoired ' scMoe dMientaiy 
iiotuHis of Natural PKiLOMrav, I' tmi ^tAng to 
propose to you another branch of science, to wbidi 
. I am pttrticidarl; uudous that you should devote a 
^liare of your auention. This is Chemistry, n^^ch 
is so closely connected with Natural PhUe^hy, 
tliQt the stndy of the one must he incomplete with- 
out some knowledge of the other ; for, it is obvious 
that \vc can derive but a very imperfect ideu of 
tKidies from tlw study of the general laws by which 
they are gaverti«I, if ifc moiuil totally igawtmt of 
ihdt talHBate p^ture, , - 

VOL. I. B 



2 



GENERAL PHINCIPLEt 



CASOLIITE. 

To craifess the trudi, Mrs. B., I am not disposed 
to form a very Ikvourable idea of chemistry, nor 
(to I expect to derive much entertainment from it. 
I prefer the sciences which exhibit nature on n 
grand scale, to tliose that are confined to the minu- 
tiffi of petty details. Can the studies which we 
liave lately pursued) the general properties of mat- 
ter, or the revolutions of tlie heavenly bodies, be 
compared to the mixing up of a few insignificant 
drugs? I grant, hovrever, there may be entertiun- 
iiig experiments in chenustry, and should not dis- 
like to fry some of them : die distilling, ibr instance, 
of lavendei', or rose water 



I rather imagine, my denr Caroline, that your 
want oi taste for chemistry proceeds tiom the very 
liioUfld idea you entertain of its object. You con- 
fine die cfaemhA^s laboratory to the narrow precincts 
at tbe apodiecary's and perfumer's shops, whilst 
it is Suteervlent to an immense variety of other 
usefiil purposes. Besides, my dear, chemistry is by 
no means confined to works of art. Nature also 
has her laboratory, which is the universe, and tliere 
she is incessandy employed in chemical operations. 
You are surprised, Caroline ; but I assure you that 
die most wonderful and the' moat inUresling phe- 
nomena of nature are almost all of Utad produced 
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by cheoucal powers. Whst Ee^mBQ, in ihe intro- 
dnction to his histoi? of cfiemisUy, has said of this 
science, will ^veyoa a more just and enlarged idea 
of it. The knowledge of nature may lie divided, he 
observes, into three periods. The first is thjit in 
which the iittention of men is occupied in learning 
the extei'nal forms and characters of objects, and 
this is called Natural Hislmy. In the second, they 
consider the effects of bodies acting on each other 
by their mechanical power, as their weight and 
motion, and this constitutes the science of Natural 
Philosoply. The third period is that in which the 
properties and mutual action of the elementary 
parts of bodies are investigated. This lest is the 
science of ChemigtrT] and I baTB no doubt you 
will soon agree with ine in dimking it the most 
interesting. 

You maj' eaai^ concave flier^ue, dutt with- 
aitt ^tering into ik» minnte detsilt «f ^mictical 
ch^nistry, a woman may obtain audi a knowledge 
of the science as will not only throw an interest 
1)11 the common occurrences of life, but will enlarge 
the sphere of her ideas, and render the con- 
templation of nature a source of delightful instnio- 

CABOUME. 

Ifdiisis ^CMB, I hava certainly been mnoh 
nuatAsB in the nofttn I had fimned ^ cliainistry. 
B 2 
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I own thBt I thought it was chiefly confined to the 
knowledge and preparation of medicines. 



That is only a branch of chemistry which in 
culled Pharmacy; and, though the study of it is, 
no doubt, of great importance to the worhi at 
large, it belongs exclusively to pndessional men, 
and is dierefbre &b last that I sfaoiild adrise you to 
pnrsue. 

But, did not the chemists formerly employ them- 
selves in seardi of the philosopher's stone, or the 
secret of m^ing gold? . 

MRS. B. 

These were a particular set of misguided phil»> 
sophers, wlio dignified themselves widi the name 
of Alchemists, to distinguish their pursuits from 
those of tlie common clieniisti, whose studies were 
confined to the kninvlfdgi: of niLiiitines. 

But, since that pc-i iod, chciui^try iuis undergone 
so complete a revolution, that, from an obscure and 
mysterious art, it is now become a regolarand beai- 
tifiil science, to which art is aitirelj aubservient. 
It is true, however, tiiat we an inddrted to the 
alchemists for many veiy osefnl daetn^BB, which 
sprung from their fruUless atton^ to make 
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and which, undoubtedly, have proved of infinitely 
greater advantage to mankind than all Aeir chiroer' 
icel pursuits. 

The modem chemists, instead of directing their 
ambition to the vaio attempt of producing any of 
the original substances in nature, rather aim at 
analysing and imitating her operations, and have 
sometimes succeeded in forming combinations, or 
effecting decompositioas, no instances of which 
occur in the chemistry of Nature. Tliej have 
little reason to regret their inability lo make gold, 
whilst, by their innumerable inventions and 
cov^ies, they have so greatly stimulated industry 
and &dlitated li^ur, as prodi^asly to increase 
the Iraunies u wdl as tbe )ucessanea (tf life. 

UiU-T. 

• But I do not understand by what sieaiK ohe- 
BUttry can &ciliti(te lalmsr; is not that rather the 
province of the mechaitic ? 



There are many ways by which labour may be 
rendered more ea^, iadqwodently <^ me^anics ; 
but nMchanifiel iavetilioDS thetnselves oilen derive 
their ntUily from a diemkal pniM^)le. Thus that 
most wonderM of all madiineS) &e Steam-engine, 
could Bcrer have beoi invented vrithout the assists 
ance of chemistiy. In agriodtor^ a chemical 
B 3 
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knowledge of the nature of soils, and of vegetation, 
may become highly useful ; and, in those arts 
which relate to the comforts and conveniences of 
li^ it would be endless to enumerate tbe advan- 
tages which, result from the study of this aatme. 

CARDLINX. ' 

But pray, tell us more predsd; in what manner 

the discoveries of chemists have proved eo ben&- 

ficiol to society ? 



That would be an injndicieiis BnticipatiDn ; for 
you would not comptdieDd die nature of suA ^s* 
eoveries and niefiil xp^k^mB, aa well as you mil 
do hereafbr. Without a due regttrd to method, 

we cannot expect to make any progress in chemis' 
try. I wish to direct your observations chiefly to 
the chemical operations of Nature; but those of 
Art are certainly of too high importEQCe to pass 
unnoticed. We shall dierelbre allow them also 
some share of our attention. 



Well, tix^ let nt now set to work leguh^. 
I am- very anxious to begin; 

MRS. B. 

The c^jectof chemislTyis to obtain a knowledge 
of the intimatenatureofbodies, and of their mutual 
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action on I'iicli alhcr. You dud, therefore, Caroline, 
tliflt tliis is no iiaiTow or confined scieoce, which 
comprehends every thing material within our 
sphere. 

CABOUME. 

On the contrarf, it must be inathanstiUe; and 
t «ni U a. loss to GOnceive haw any ptQ&dauy can 
ba luade m sdeoce who» (Ajecte are 80 nootanDS. 

MRS. B. 

If every individual aubsUnce were formed of dif- 
feroit' materials, the study of chemistry would) in- 
deed, be Kidlessi but yon tniut obBerve dtat tbe 
Variras bodiaa in natun an toiapiaed of certMU 
elementary principles, which are not very nttnerDiu. 

Yes ; I know that all bodies are composed of £ie, 
air, earth, and water; I learnt that many years ago. 

HIIS.B. 

But you must now endeavour to forget it. I 
have already infi>rmed yeu what a great change 
chemistry has undergone since it has beconte a re- 
gular science. Widiin these thirty yeais e^iecially, 
it has experienced an entire revolution, and it is 
now proved, that neither fire, air, earth, nor water, 
CM hm oallad okmaitaTy bodies. Foe aa elemen- 
B 4> . 
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fai-y body is one that has never been ilecomposed, 
that is to say, separated into other substances ; and 
lire, ur, earth, and water, are all of them suscep- 
tible of decompouti<». 

£MILT. 

I thought that decomposing a body was dividing 
it into iU KiiEiLHu^i piirt^. And if so, I do not un- 
dei'staiul ivliy mi di-Kn nijry substance is not capable 
of being decomposed, as well as any other. 

MB8.B. 

You hsve misocnceived the idea of deamposiliim , 
it is very different from mere division. The latter 
simply reduces a botly into parts, but the former 
separates it into the various ingredients, or mate- 
terials, of which it is composed. If we were to take 
a Joaf of bread, and separate the several ingredients 
of whidi it is made, the flour, the yeast, the sail, 
and the water, it would be very different from cut- 
ting or crumbling the loaf into [Heces. 

EHILT. 

I inidan>ttuid yoa now very wdL To deconi- 
pote ft body is to separate from each other the varj- 
ouB elementary eubatances-of wludi it consists. 

CAKOI.IHB. 

Bnt flour, water, and other materials of breads 
19 
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according to your definition, are not elemei^y 
substances. 



No, ray dear; I mentioned bread rather as a 
femiliar comparison, to illustrate the idea, than as 
nn example. 

The elementary substances of ivhith a body is 
composed are called the constituent parts of that 
body; in decomposing it, therefore, we separate its 
constituent parts. If, on the contrary, we divide 
a body by chopping it to pieces, or even by griml- 
ing or pounding it to tlie finest powder, each of 
these siD^ particles will still consist of a portion 
of the several constituent parts of the whole body ; 
diese are called the iritegranl parts ; do you under- 
stand the difference ? 

EMILV. 

Yes, I think, perfecdy. We decompose a body 
into its constituent parts; and dhdde it into its 
itt/^-ant parts. 



Exactiyso. If therefore a body consists of only 
one kind of substaiice, though it may be divided 
into its integrant parts, it'is not possiUe to decom- 
pose it. Such bodies are therefore called simple 
or elementaryt as they are the elements of which all 



Digitized by GoOglC 



10 



(iEMESil. PBIffdPLEd 



Other bodies are e«nposed. Compound bodies afb 
such as consist of more than one of these dementai; 
principles. 



But do not fire, nir, earth, am\ water, consist, 
each of tliem, but of one kind of substance? 



No, my dear ; they are every one of them su»- 
ceptiUe of being separated into Tarious nmple 
bodies. Instead of fbnr, chemists nov reckon 
no less than fifty-seVen elementary substmices. 
The existence of most of these Is established by 
the clearest expei-iments ; but, in refrard to a few 
of them, psrtictilarly the most subtle agents 
nature ; heal, light, and electricih/, ^ere is yet much 
uncertfUDty, and I can only g^ve you the opinion 
which seems most probably deduced from the latest 
discovcriet. After 1 have giveo "yon 8 list of the 
elementary bodies, classed according to their pro- 
parties, we shall proceed to examine eadi of them 
separately, and then consider them in their com- 
binations with ciieh other. 

Esce|jtii:g the iiioi-e geuer.i! agents of nature 
lieat, lij^lit, and electricity, it iiould seem that the 
simple form of bodies is that of a metal. 

CAROLIKE. 

You astonish me I I thought the metals were 
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only one class of mineralsi and that there were be- 
sittes, earilia, stones, rocks, adds, alkiiUes, toiMh^ 
fluids, and die vhcde of the animal and v^etaUe 
Idngdoms. 



You have made a tolerably good enumerntion, 
though I fear not arrranged in the roost scientific 
oriler. All these bodies, however, it is now 
strongly belle^'ed. niav be ultimately resolved into 
metallic substauces. \ our surprise at tliis circum- 
stance is not singulai', as tlie decomposition of some 
of them, whicli has been but Intely accomplish eii, 
has excited the wander of tlie whole philosophical 

But to return to the list of sunple bodies — 4ese 
being usually found iii combination with oxygen, I 
shall class them according to th^r properties irtien 
so combined. This will, I think, fiunlitate thar 
future investigation. 



Pray what is oxygen ? 



A simple body; at least qne that is in[^)ased to 
be so, as it has never been decomposed. It is 
always found united with the negative electridty. 
It will be one of the first of the elementary bodies 
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whose properties I shall explain to you, and, as 
you will scxin perceive, it is one of the most import- 
ant in nature ; but ii would be irrelevant to enter 
upon this subject at present. We must now con- 
fine our attention to the enumeration and clssEiifi- 
cation of the sinqile bodies in general. They may 
be arranged as follows : 

CLASS I. 
Cem^ehending the itigaottdariMe agertls, mz. 

HEAT or CA^BIC, 

LIOHT, 

ELECTKICITV. 

CLASS II. 

Comprehending agents capatie ^unUmg with mfiata- 
tnalde bediet, and in most instanees ^ effecting 
^eir eoaAation. 



OZYCEH, 




CLASS III. 
' Coiiipre/rmding bodies capable iif uniting xrilk oxy- 
gm, and firmingwth it various wmpcaaiis. This 
thus fnoy be divided as folltms : 



ayi>BOG£ii, /wmng water. 



or CHEMISTRr> 

DIVISION 2. 

Sadies fm-i, 



HITROGEN, . . 
SDLPHUB, . , 
PHOSPHORUS,. 

BORACItm, , , 



forming Ditiic actd. 
forming sulphuric add. 
firmiTig phosphoric add. 
Jtuming carbonic add. 
fonniriQ boradc add. 
fmimtig fluoric add. 
^fiUmijig ntniiatic add. 



DiTiBioir 3. 
Metallic hodiesjimimg alkaliet. 
POTASSIUM) . . . finmng potash. 
soDiUH, , . . . fbmmg aoda. 
AUMOHiUK, . . ^fifmung ammaraa. 
i-mnuH,. . . . .^rnitf^ litluna.* 

smsioK 4. 
MetaSic lodia^fitming earths. 
CALCIUM, or metal forming lime. 
MAOMIUM, .... forming magnesia. 



BARIDl^ . 



SlLiallU^ . 
ALUUIUH, . 
YTTKIUH, . 



forming barytes, 
fuming strontites. 
forming ales, 
forming t&maaa. 
f>rmittgyVi£». 



■ Thia fourth alksili «u discorared bjr Hr.AirDndion,a 
Swedish chendBt, lo Kceotlr u tha tov leis. 



>rni6i^ gludna. 

EiRcoNiOMr< • . foming iatxnoo.* 
THOBJHVi^ 1 . . Jbrming thorjnfbf 

DIVIGICJM 6. 

M^aU, either natmalh/ meiaBk, or yieUing iheir 
on^en to carbon or to heat alone. 
Sabdimsioii 1. 
MalleiUile mteUs. 

GOLD, COFFER, 

pAU^niUM, LEAD, 

SILVERf, KJCKBh 

MERCUHYf, ZINC, ... 

Vis, C&DMIUU.II 

BritUe metalsi 

AR9BNIC, ANTIMONY, 
■ Of oil thete earths, three or Tour only have as yet been 
distinctly decompsied. 

t Thorina, a niw eaitli iliscoveted bj Berielius in iste, 
in a mineral mmposcd flimrit iicid nnd cerium. 

{ Tiiesc firsi four nietnls have commonly been distinguished 
by the iippellation o^perficl or noWe melals, on account of 
their possessing tile characteristit properties of ductility, mal- 
leability, inalterabilily, and great specific gravity, in an emi- 
nent degree 

^ Mercury, in its liquid state, cannot, of course, be called a 
malleiible metal. But when frozeii,.it potsessesa consider- 
'degrae of malleebili^. 

II Ainetal rMonUingu'ai' wbich wMdiicottfed in 1817, 
in to ore orzii]c,Iv Hr.S 



or mtntifrot, iS 





HAKQ-ANXETEi 






TEtLimiuji,' 


COLUMBIUM 0r TAN- 


COBALT, 












TITANIUM, 




CHROME, 


CEBItlM.f 



CAKOUHX. 

Oh, what a formidable list 1 you mil hare much 
to do to explain it, Mrs. R ; for I assnra you it is 

perfectly unintelli^le to me, and I think rather- 
perplexes than assists me. 

Do not let that alarm you, my dear; I hope tliat 
herentler this classification will ai^>ear quite dear, 
and, so far from perplexing you, will assist yon in 
arranging your ideas. It would be a vain at- 

■ Sdadiun wai ditcorered ■ few yein ago by Bendiui 
in the $emi^<mt pfritesof FaUwa la Svedeo. Ithu tbe 
metalHo Initr^ but it does not conduct electricity, tad ia 
but a bad conductor of caloric. It patwa to the state of 
oxyde end Kid, lo-tbat it migbt pcdapa niore ittictly be 
cliaed witb ndphur. It amy be lUniifuiibed ABtnaU 
OFita TOpour, irbich b iliat of honandirii. 

f IltetelaU (borarfiTemnalUcbodieaanplaMdBiidei 
tUt claM Ibr the nke of arraagBPmnt, thoi^ wdm of tbdr 
' propeitiw hftTC Aot been jet fully inveiligatcd. 
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tempt to fiHTO A division which would appear per- 
fectly clear to a beginner; for jou may easily 
conceive that a chemical division being necessarily 
founded on properties witli which you are ahiiost 
wboUy unacquainted, it is impossible that you 
should at once be able to understand its meaning 
or appredate its utility. 

But, before we proceed fiuther, it will be neces- 
sary to ^ve you some idea of chemical attraction, 
a power on which the whole science depends. 

Chemical Attraclion, or the Attraction of Com- 
position, consists in the peculiar lendeiicy which 
bodies of a different nature have to unite with each 
other. It is by this force that all the compositions, 
and decmnporatiDas are effected. 

EHILY. 

What is the difference b«we«i dienucol attrac- 
tion, and the aUractioD c£ aAieaaa, or of agg^;a- 
tioni which you often mentioned to us, in former 
conversations? 

MRS. B. 

The attraction of cohesion exists only between 
particles of the some nature, whether simple or 
compound ; thus it unites the particles of a piece 
of metal which is a simple substance, and likewise 
the particles of a loaf of bread which is a compound. 
The attraction of compontion, on the contrary, 
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UiiitL-j iiikI maintains, in a state of combination, 
pai-titlcs ol' a dissimilar nature; it is this power 
that forms each of the compound particles of fi\\\c\t 
bread consists; and it is by the attraction of 
cohesion that all these pardcl«s are connected into 
a single mass. 



The attraction of cohesion, tlien, is llie power 
which unites the integrant particles of a body : tlie 
attractitm of composition that which combines the 
cmstitnent particles. Is it not so ? 

Precisely: and dlwerve that the attracUon of 
cohesion unites particles of a similar nature, with- 
out changing their original properties ; the result 
of such an union, tlierefore, is a body of the same 
kind as the particles of which it is formed ; whilst 
the attraction of composition, by combining par- 
ticles f£ a dissimilar nature, produces compound 
bodies, quite di^rent from any of their constituents. 
15 for instance, I pour on the piece of copper, con- 
tained in this glass, some of this liquid (which in 
called nitric acid,) for which it has a strong attrac- 
tion, every particle of the copper will combine with 
a particle of acid, and togetiier they will form a 
new body, totally di&rent finmi either the ctypei 
or the add. 
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Do you obsem A* intenul commotioa tW 
aheady begins to take place ? It is produced by 
dte combkiBtiiHi of these two substances ; and yet 
the ftcid has in this case to overcome not only the 
Tesistonoe vhich the strong cohesion of the particles 
of copper opposes to their combination with it, but 
also to overcome the weight of the copper, which 
makes it unk to the bottom of the glass, and pre- 
VentB 6m add from having snch free ao^ess to it as 
itwonld if die metal were suspended in the liqnitL 



Tlie acid seems, however, to overcome both 
these obstacles without difBculty, and appears to be 
Very rafndly dissolving the copper. 

By tUs means it xcducos -tba ctypipat into mate 
minnte parts tlian conld possiUy be done by any 
mechanical power. Bot as the acid can act only 
on the surface of the metal, it will be some time 
before the union of these two bodies will be com- 
pleted. 

You may, however, already see how totally dif- 
ferent this compound is from dther of its iagre- 
dients. It is neither colourless, tike tbe acid, nor 
))ard, heavy, and yellow like the copper. If you 
tasted it, you would no longer percnve the sonr- 
ness of the add. It has at present the q^teanuce 
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of' a blue liquid ; but when the vaaaa b completed, 
and the water with which the acid is dSuted is 
evaporated, the compound will assume &am of 
Kgnlar crystals of a fine Uue colour, Mid poftctly 
transparent. * Of these I can show you a spedmen, 
as I hiLve prepared some ibr diat purpose. 

CAROLINE. 

How lecy beautiful th^ are, in colour, form, 
and transparency 1 

Nothing can be more striking than th'is ocample 
of chemical attracdon. 

The term attraeiion has been lateiy introduced 
hiU> ofaenustry as s Bubsdtnte for tiiB wwd ^rU^/, 
to wfaidi some chemists have olgected, because it 
prigmat^ in the vague notion that chemical com- 
binations depended upon a certain resemblance, or 
relationship, between particles that ore disposed' to 
unite; and this idea is not only imperfect, but 
erroneous, as it is generally particles of the most 
dissimikr nature, tbat have die greats tendency 
to comlnne. 

* Theie oyttflli nre more eanlj obudaed from a nditure 
erw^^horia wltfa B Ibtle mtric add. 
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Besides, there scums to be no ndvaiitage in Dsing 
a variety of terms to express the same meanuig; 
on the contrary it creates confusion ; and as we 
are well acquauKed with tlie term Attraction in 
natural pUlost^y, we had better adopt it in 
ciiemiEtry likewise. 



If joa have a clear idea of the meaning, 1 shall 
leave you at liberty to express it in ilie terras you 
prefer. For myself, I tonfesf, tlint 1 tliiufc the word 
Attraction best suited to the general law that utiites 
the integrant particles of bodies ; and Affinity bet- 
ter adapted to tliat which combines the constituent 
particles, as it may convey an idea of the prefer^ 
ence which some bodies have for others, which 
the term'a^/nHfion t^.eompimtim does not so w*ll 
express. 



So I think ; for though that pireference ntay not 
result from any relationship, or similitude, betwent 
the particles (as yoo say was once supposed}, yet, w 
it really exists, it on^ to be expresaed. 

MBS. B. 

Well, let it be agreed that you nw the 
terms qffinily, ckmical attraeliim, and altractim <^ 
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empositiott, indifierentl^, provided you recoliect 
that they have all the some meaning. 

EMILY. 

I do not concave bow bodies con be decomposed 
tqr chemical sttractimi, That this poirer sbonld 
be the means of composing them, is very obvious ; 
but that it should, at the same tim% produce exactly 
die contrary efiect, appears to me very nngular. 

HBS. B. 

To decompose a body is, you know, to s^rate 
its constituent parts, which, as we have just ob- 
served, cannot be dc»ie mechanical means. 

EMILY. 

No : because mechanical means sqiarate only 
the integrant particles; they act merely ^^nst the 
attract! c« of coheucHi, add only divide a compound 
into smaller parts. 



Hie (leconi|ioaitiori "t" a body is peiformeil by 
-chemicnl powL^rs. If you present to a botiy com-> 
poaed of two principles, a third, which has a 
greater affinity for one of them llian the two first 
have for each otlier, it will be decomposed, that is, 
its two principles will be separated by means of the 
third body. Let us call two ingredieut, of which 
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the bodv is composed. A and B. Ii v-n present 
t t T tl „ I t 1 1 tci 
nfl t B t! n T i i ! B t 

necessarilv follows that B will quit A to combine 
with C The new ingredient theretbn^ has efiected 
a decomposition of the ori^oal body A B; A has 
been left alone, and a new componnd) B C, has 
beenfbnned. 

We mig^t, I think, use the comparison of two 
Iriends wbo wrae very happy in each other's society, 
till a third diaunited them by the preference which 
one of them gave to the new-comer. 

UB&B, 

Very well. I shall now show you how this takes 
place in chemistry. 

Ltt us suppose that wo wish to iJecompose ilie 
compound we have just formed bv the combijiMtivin 
of the two ingredients, copper and nitric acid ; we 
nuiy do thb by presenting to it a piece of iron, for 
which the acid has ft stronger attraction than for 
copper ; the acid will, consequently, quit the cop- 
per to combine with the iron, and the copper will 
be wliat tlie chemists call pj-ecipitatedt that is to 
say, it will be thrown down in its separate state, 
and re-appear in its simple form. 

Ill ord^ to produce, this eflect, X shjdl dip the 
17 
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blade of this knife into the fluid, and, wh^ I take 
it out, you will observe, tlint, instead of being 
wetted with a bluish liquid, like tlint contained in 
the glass, St will be covered with a thin coat of 
copper. 

CAROLINE. 

So it is really ! but then is it not the copper, 
instead of the acid, that has combined with the 
iron blade? 

No ; fou are deceived by appearances : it is the 
acid which combines with the iron, and, in so doing, 
deposits or predpitates the copper on the surfiice 
of the blade. 

But cannot three or more substances comlnne 
tog^er, irithout any of diem b^g predpitated ? 

That is somctimijs the case; but, in general, thu 
bti onger affinity (kstioj's the weaker ; and it sel- 
dom happens that the attraction of several sub- 
stances for each other is so equally balanced as to 
produce such complicated compounds. 

CAROLINE. 

Bnt, pr^, Hrs. B., what is the cause of the 



chemical attraction of Ijodies for eacli other ? It 
jipjiears to nie more extraordinary or iiniiatur:U, il 
I may use the expi'ession, than the attraction lit 
cohesion, which unites particles of a similar nature. 

MRS. B. 

Cheitucal attraction may, like that of ccAesion 
or gravitation, be one of the powers inherent in 
matter which, in our present state of knowlccige, 
admits of no other satisfhctory explanation tlian alt 
imme<liate reference to a, divine cause. Sir H. 
Davy, hovi cver, wliose important discoveries have 
opened sncli improved views in chemistry, has sug- 
gested on hypotliesis which may throw great light 
upon that science. He supposes that there are two 
khids of dectriat^r with one or other of which all 
bodies are. ntiited. These we distinguish by the 
names of positive and n^gtHioe electricity ; those 
bodies are disposed to combine) whicli pos^e^" 
oppoute electridties, as they are brought togetiier 

the attraction wluch these electridties have far 
each other. But, whether this hypothesis be alto- 
gether founded on tru& or not, it is impossible to 
question the great influence of electricity in che- 
mical combinatiwis. 

EHILY. 

So, that we must suppose that the two electri- 
dties always attract each other, and thus compel 
the bodies in which they exist to combine 7 
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CASOU»E. 

And may not tltis be dso the cause of the attitic- 
tioB of coliesion? 

No, for in particles of the sanie nature the same 
electricities must prevail, and it is only the different 
or opposite electric fluids that attract each other. 

These electricities seem to me to be a kind of 
chemical spirit, which animates the particles of 
bodies, and draws th^ together. 

EUILY. 

If it is known, tiien, with which of tlie electri- 
dtiea bodies are united, it can be inferred which 
will, and which will not, combine together? 

Certainly. I should not omit to incdlion, thiit 
some doubts iiave been entertained wbclher elec- 
tricity be really a matei'ial agent, or wliether it 
might not be a power inherent in bodies, similar to, 
or perhaps identical with, attraction. 

But what then would be the electric spark which 
U Tioble, and most therefore be really material 7 
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MKB.B. 

What ne call the dectrie spwik, may. Sir H. 
Davy says, be merely the heat and light, or fire 
produced by the chemical combinations with which 
these phenomena are always connected. We will 
not, however, enter more fully on this important 
subject at present, but reserve the pnncipal iacts 
which relate to it, to a fiitura oenversiUitM. 

Before we part, howevet', I must recommend 
you to fix in jour memory the niunes of the Bimple 
bodies gainst oar next nttrview. 
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CONVERSATION 11. 

ON LIGHT AND H&AT, OB CALOBIC. 




Wk haye leamed by heart the napes of the 
rinftle bodies which you have enumerated, and 
we are now ready to enter oa the examination of 
each t£ them saoctamn^y. You will b^^i I sup- 
pose^ with UGHT ? 



Respecting the nature of li^t we have little 
more than conjeetaro. It u conudered bymoet 
philosophers as a real snbstsnce, immediately 
emanating from the sun, and from alt luminous 
bodies, from which it is projected in ri^t . lines 
with prodigious velocity. Light, liowever, being 
imponderable, it cannot be confined and examised 
by itself; and therefore it is to the effects it pio' 
duces on other bodies, rather than to its immediate 
nature, tiiot we must direct our attention. 

The connection between light and heat is' very 
obnoni; indeed, it it such, that it is extremely 
c S 



LIGHT. . 



di£Gcult to ezamme the one independently d the 
other. 



But, is it passible to separate light from heat? 
I thoiigtit tliey were only different degrees of the 
same tiling, fire. 



I told jou that fire was not now considered ns a 
sunple- element. Whether light and heat be alto- 
gether difiereut agents, or not, I cannot pretend to 
dedde; bu^ in many cases, light may be separ- 
ated from heat. Tlie first discovcrv of tliis was 
made by a celebratwl SuLiliih clu^iiiiii, .Sdieele. 
Another very striking ilki^lnition ol' ibt M'jjuralion 
of heat and light was long altor iiiiintcil out by Dr. 
HerscheU. This philosopher discovered tliat these 
two agents were emitted in the rays of the sun, and 
that heat was less refmngible than light; for, in 
separating the different coloured rays of light by a 
prism (as we did some time ago), fae found that the 
greatest heat was beyond the spectrum, at a little 
distance from the red rays, which, you may recol- 
lect, are. the least refran^le. 

KHELT. 

I should like to ti; that experimoit 
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It i9 by no means an easy one : the heat of a ray 
of light, refracted by a prism, is so small, that it 
requires a very delicate thermometer to distmgUisli 
the difference of the degree of heat within and with- 
out the spectrum. For in this experiment the heat 
is not totally separated from the lights each co- 
loured ray rettunuig a cerlain portion of though 
the greatest part is not suffidently refracted to &1I 
within the spectrum. 

I suppose, tieti, that those coloured rays which 
are the least le&angible, retain the greatest quan- 
tity of heat ? 



They do so. 




Though I no longer doubt that ligiit and heat 
be separated, Br. I [or^dlell's experiment iloes 
not appear to nie to aiibrd sufficient proof that they 
are essentially different ; for light, which you call 
a simple body, may likewise be divided into the 
various colonred rays. 

HUB. B. 

No doubt diere must be some difference in the 
Tsrious coloured rays- Even th^ chemical powers 
c 3 
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are different. The blue rays, for instance, liave 
the greatest effect in separating oxygen from 
bodies, as was found by Scheele ; and there exist 
also, as Dr. Wollastou )tiis sbow% rsya more 
re&anipble than the blue, which produce the eam«. 
chemiol effect, sjid, what is very remarkable, are 
invidhle. 

Do yon diink it possible that heat may be mere^ 
a modification of tight ? 



That is a supposition which, in the present state 
of natural philosophy, can neither be positively 
fliluTned nor denied. Let us, therefore, instead of 
discussing theoretical points, be contented widi ex- 
amining what is known respecting the chemical 
effects of light. 

Light is capable of enteiing into a kind of tran- 
atixey umon with certain substances, and this is 
trfiat has been called phosphorescence. Bodies 
that are possessed of this property, after being 
exposed to tho sun s ravs. a}>ppEir luminous in tlie 
dark- The sh.^lls of tish. iht^ bones of land ani- 
mals, marble, limestone, and a variety of com- 
binattons of earths, are more or less powerfiilly 
phosphorescent. 
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I remember b^i^ mtieh surprised last summer 
wiih the phosphorescent appearance of some pieces 
of rotten wooti, which had jost been dug out of die 
ground ; they shone so blij^t that I at first sup^ 
posed them to be glow-worms. 



■ And is not the light of n glow-worm of a phos- 
phorescent nature ? 

It is a very remarkable instance of phospho- 
rescence in hving animals ; this property, however, 
is not exclusively possessed by die glow-worm. The 
insect called the lantliom-fly, which is peculiar to 
warm climates, emite lig^t as it flies, producing in 
the dark a remarkably sparkling sppearailc& But 
it is more common to se« animal matter in a dead 
state possessed of a phosphorescent quality; seae 
fish is often eminently so. 

J have heard that die sea has sometimes had the 
appearance of being illumiiiaied, and that the light 
is EH[qM»ed to proceed from the spawn of fishes 
flcBliDg on its sur&ce< 
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MBS. B. 

This light is probably owing to that or some 
other aoinial matter. Sea water has been observed 
to become luminous from the substance of a fresh 
lierring having been immersed in it; and certain 

insects, of the Medusa kind, are known to produce 
similar ijffccls. 

But lljo ^,u-|)[igc5l libij^phorchci-uci; h pradaced 
hy dmnk-A romimbhious prepai^d Ibi- tliu piii'poBe, 
the most common of which consists of oyster-sliells 
and sulpiiur, and is known hy the name of Can- 
ton's Phosphorus. 



I am radier siirpristd, Mrs. B., thiit you sliould 
liave said so much of" ttie light emitted by phos- 
phorescent bodies without talcing any notice of that 
which is produced 1^ burning bodies. 



The light emitted by the latter is so intimately 
connected with the chemical history of combustion, 
that I must defer all explanation of it till we come 
to the examination of that process, which in one of 
the most iiiterestillg in cheiuicai scitiice. 

Light is all agent capable oi' prodiitiiig various 
chemical changes. It is essential to the welfare 
both of the animal and vegetable kingdoms ; for 
men and plants grow pale and sickly if deprived of 
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its Ealutaiy influence. It is likewise remarknble for 
its proper^ of destroying colour, which renders it 
of great coDsequence in the process of bleaching. 



Is it not singnlsr that light, which in studying 
optics we were taught to consider as tha source 
and origin of colours, should have also the power 
<£ destroying them? 



It is a fact, however, that we every day expe- 
nence: yon know bow it &des the colours of linens 
and «lks. 



Certainly. And I recollect that endive is made 
to grow white instead of green, by bong covered 
up so as to exclude the light But by vhat nuans 
does light produce diese efiects ? 



This I cannot attempt to expLiin ti> v<m luml 
you have obtained a further iinowleilct: ol che- 
mistry. As ihe chemical properties of lii'ht cun 
be accounted for only in their rpterpnrp tci ciim- 

pouiid bodies, it would be useless to dptam you 
any longer on tins suujeci ; we may Uierelure pass 
on to the examination' of heat, or caloric, with 
'which we are scanewhat better acquainted. 

C 5 
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IIe.1t and Light may be always distingaisjied 
by tlie ilifforent sensations they produce. Light 
aSecis the sense of sight; Calorie that of feeling; 
the <«e ptoduces Futon, the other the sensation of 
mat. 

Caloric is foiind to exist in a Vam^rffiinBi ot 
modifications, and I diink it will be best to con- 
sider it under the two following heads, viz. 

1, Fbee or badiaht caloric. 
S. Combined caloric. 

Hie first, FREE or radiant caloriC) U also 
colled BEAT or temperature; it comprehends all 
heat which is percq)ti]>le to the senses, toA affects 
die thennoiiMter. 

EMILY. 

Yoa mean sndi as the heat of tbe sun, of fir^ 
of candles, of stov«c ; in short of every thing that 
bonis? 

UBS. B. 

Ai^ likevisc <^ things th^ do not burn, as, finr 
imtaaoe, theiwamtb-of die body; in a word) aU 
beat that ia tma^, wbatever may be its degree^ 
or the MHiicetfenn wludii it is dedved. 

CiSfOi^lX. ... 
WbatUten awAe odK^lnodificBtions of caloric? 



Digitized by GoOgle 



EBEE CALORIC. '35 

It most be s strsiigekibd of lieat dut cannot iff 

perceived by our senses. 

None of the modifications of caloric should pro^ 
perly be colled heal ,■ for heat, strictly speaking, 
is the Bcn.sation produced by caloric, oji anira^ited 
bodies ; this word, tlierefore, in die accurate lan- 
guage of science, should be confined to express 
the sensation. But cualom has adapted it likewise 
to inaninute mstteT) tadvre »ay&e ieat ^an mea, 
the heat of the sun, without any reference to the 
sensation which they are capable of esdting. 

It was in order to avoid the confusion which 
arose from thus confounding the cause and effect^ 
diat modem chemists, adopted the new word 
cdlarie, to denote the princ^le which ptodnc^ 
heat ; yet they do not idvays, in compliance with 
thdr own language, limit the word heai to the ex- 
■^eeaaa. oS the sensati<ni, nnca tht^ stOl Ireqiiehtly 
enqik^ it in reference to Hia odier modifications 
caloric which are quite indepoident of sensatiixi. 

CABOUNE. 

But you hiive not yet e^lained to ua what diesfi 
other modificationa of caloric arie. 

URS, B. 

Because yon aie not acqnunted with the pro- 
c 6 
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perties of free caloric^ and you know that we bare 
agreed, to proceed with regularity. 

One of the most remarkable properties of free 
caloric is its power of dilating bodies. This fluid 
is so extremely subtle, that it enters and pervades 
all bodies whatever, forces itself between their par- 
ticles, and not only separates them, but frequently 
drives them asunder to a considerable distance 
from each other. It is thus that caloric dilates or 
eiqunds a body so aa to make it occupy a gteatec 
space than it before. 

The effect it has on bodies, therefore, is directly 
contrary to that of the attraction of cohesion ; the 
one draws the particles together, the other drives 
ftem asunder. 

URG. B. 

Preiasely. Their is a continual stru^le be- 
tween the attraction of aggregation, and the ex- 
pansive power of caloric ; and from the action o£ 
these two opposite forces, result all the various 
forms of matter, or degrees of consistence, from 
the solid, to the liquid and acri&rm state. And 
accordingly we find that most bodies are capable 
of pasdng from <aie of these fonns to the other, 
mattilj in consequence of their receiTing di&rent 
quantities of caknic^ 
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That is very curious; but I think I understaiid 
the reason of iL If a great quantity of caloric is 
added to a solid body g it introduces itself between 
the particles in such a manner as to oTercome, in 
a ctaisideratde dcigre^ the attraction of cohesion ; 
and the body, from a solid, is then converted into 



This ii tliL' fiLsf ivliens'ier ^ body is fused or 
molted; but ifjuu aild lllIoiic lo ii liquid, canyon 
teli me wliat is the consequence ? 

CAROUNE. 

The caloric forces irself in greater abundance 
between the particles of tlie fluid, and drives them 
to such a distance from u.ich othur, that their 
attraction of aggregaticu is ivliollj destroyed: the 
liquid is then transfoiwed into vapour. 

MRS. B. 

Very weQ ; and diis is predsdy the case with 
boiling water, when it is conrerted into steam or 
vspoar, and widi all bodies that assume an aeri* 
fcinn state. 

EHILT. 

I do not wdl nndeistaqd the word a^iinrm ? 
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MBS. B. 

Any elastic flnid whatever, whether It be merslj 

vnpotir or pcrniancnt aii', oilleii aeriform. 

IJin I'iitli ot liicau vaiiiius stiites solid, liquid, 
Olid aiin oriii, ailiiiit iif many diti(.'r( III ik grees of 
density, iir coiisiiiince, still arising (ctiielly iit leiist) 
fcom the tlifierent quamilies of cnloric the bodies 
contain. Solids Br« of various (le<;rees of density, 
from that of gold, to that of a thin jelly. Litjuids, 
from ihc consistence of me liid pint. or melted 
metals, to that of t'tht'r, which is iht; li<r|ilest of all 
liquids. The different elastic fluids (with which you 
are not yet acquainted} arc susceptible of no leas 
variety in their d^rees of denu^, 

EHILT. 

Bat does not every individual body aim admit of 
different d^reei of cousistenc^ witbrat chmpng 
ita sMte? 

HX8.B. 

Undoubtedly; and thiilcan immediately show 
you by a very simple experiment. This piece of 
iron now exactly fits the frame, or ring, made to 
receive it; but if heated red hot, it will no laager 
do so, for its dimensions will be so much incrcued 
by the caloric thut has penetrated into i^ that it 
vriU be much too large for the frame. 

The iron is now red hot; by ^>plying it to the 
iram^ wo iholl see how roach it is dilated. 
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EMILY. 

Cotuiderabl; ao, indeed I I knew tbat heat had 
this dfect on bodies, but I did not tinaj^ne that 
it could be made so eonspiciiouB. 



By means of this instrument (called a I^oiDe- 

tcr) we may estimate, in the most exact manner, 
the various dilatations of any solid body by hcaL 
The body we are now going to submit to trial is 
tliis small iron bar; I fix it to this apparatus, 
(Plate I. Fig. 1.) and then heat it hv lighting tlie 
three lamps beneath it; "lion the bar cxpimds, 
it increases in length as ivcll ss iliiekiiess; and, 
as one end communicates with this wheel-work, 
whilst the other end ia fixed and immoveable, no 
■oonerdoesitb^in to dilate than it presses against 
the wheel-work, and aeta in motion the indea^ 
whidi pcMDts oat the degrees of dilatation on the 
dialflote. 



This ia, indeed, a very cutions instrument ; bnt 
I do not nnderstand the use of the wheels : would 
it not be more Nraplc^ and answer the purpose 
equally well, if the bar, in dilating, pressed against 
the indoc, and put it in motiun withoot the inters 
Tention of the wheels? 
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The use of the wheels is merely to niuluply the 
motion, and ilierefore render the eflett of llie calo- 
ric more obvious; for if tlie index moved no more 
than the bar increased in length, its motion would 
scarcely be perceptible; but by means of the wheels 
it moves in a much greater proportion, which th^^ 
fore renders the variations &r more conspieuous. 

By submitting different bodies to tlie test of the 
nvromelcr, it is found that thej' nro far from dilat- 
1I1L' III tuo same proportion. Diftereiil initals ex- 
pand in different degrees, and other kinds of siiiiil 
bodies vary still more in this rcsjicet. But ilii^ 
different susceptibility of dilatation is i^iill luure re- 
markable in fluids than in solid bodies iis I slmll 
show you. I have here two glass tubes, terminated 
at one end hy large bultu. We shall fill the bulbs, 
the one with spirit of wine, the other with water. I 
have coloured both Uquids, in order that the effect 
may be more conspicuous. The spirit of vin^ yoa. 
Bee, dilates by the warmth of my hand as I hold the 
bulb. 

ZHILT. 

It certainly does, for I see it is risSng into &e 
tube. Bat water, it seem^ is not so easily affected 
by heat: (or scarcdy anychiinge is^roduced on it 
hy the warmth of the hand. 
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True J we Bhall nov plunge the bulbs into hot 
vaier, (Plate I. Fig. 2.) and you will see both 
liquids rise in the tubes; but the spirit of wine will 
ascend highest. 

CAKOLIHE. 

How rapidly it expands I Now it has nearly 
reached the tt^ of the tube, though th« water has 
hardly begun to rise. 

The water now be^ns to dilate. Are not these 
glass, tubes, with liquids rising within them) very 
like thermometers ? 

HBS. B. 

A thermometer .is constructed exactly on the 
same principle, nnd these tubes reciuire otilya scale 
to answer the purpose of lliermomclcrs ; but they 
would be i nther awkward in their dimensions. The 
tul>L-^ aiikI liulbs ,jf thermometers, though of various 
siw.-, iire ill gt'iiciul iiiiitli smaller than these; 
ihe tube, too, is hermetically closed, and the air 
excluded from it. The fluid most generally used 
in thermometers is tnercHry, commonly called 
quicksilver, the dilatations and contractions of 
which correspond more exactly to the additions, 
and subtractions, of caloric, than thoae of any 
other fluid. 
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CABOLINE. 

Yet I bave often wen coloured spirit of trine 
wed in thennometera. 

MRS. B. 

The expansions and contracUons of tbat liquid 
are not quite so unifcrn as those of mercury; 
but in cases in which it is not requisite to ascertain 
the temperature with great precision, spirit of wine 
will answer the purpose equally woll, and indeed 
in some respects bellor, as liie cxpaij-ioii iil' the 
latter is gteater, and therefore more toiisjiicuous. 
This fluid ie used likewise in situations and expe- 
riments in wbicb mercury would be frozen; for 
mercary becomes a solid body, like a piece of lead 
or any other metal, at a certain degree of cold : 
but no degree of cold has ever been knowu to 
freeze spirit of wine. 

A thermometci', therefore, consists of a tube 
with a bulb, such as you see here, containing a 
fluid whose degrees of dilatation and contraction 
are indicated by a scale to which the tube is fixed. 
The degree which indicates the boiling point, 
■imply means, that when the fluid is sufliciently 
diUud to rise to this point, the heat is such that 
Vater exposed to the same temperature will boil. 
When, on the other hand, the fluid is so much 
condensed as to unk to the freezing praat, we 
know that water will freeze at that toi^pecatuie- 
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The estxme pmnti of the wales are not the nune 
in all thermometm, nor are the degrees always 
divided in the same manner. In different countries 
philosophers have chosen to adopt di^rent scales 
and divisions. The two thermometers most used 
are those of Fahrenheit, and of Reaumur; the 
first ii gcnerallj' preferred hy the English, the 
latter by the French. 

The variety of scale must be very inconvenient, 
ftod I should think liable to occasion conrusion, 
when French and English experiments are com- 
pared. 

MSS. B. 

The inconvenience is but very trifling, because 
the different gradations of the scales do not affect 
the prindple upon which thermometers are con- 
structed. When we know, for instance, that 
Fahrenheit's scale is divided into 212 degrees, in 
which 32° corresponds with the freezing point, 
and 819° with the point of boiling water; and that 
Reaumur's is divided only into SO degrees, in 
which 0° denotes the freezing point, and 80° (Jiat 
of boiling water, it is easy (o compare the two 
scales together, and reduce the one into the oth^. 
Bat, for greater convodence, thermnmeters ar^ 
■omatimes canstnicted with both these acsisa, one 
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on dtber aide of the tube; so that the correspond- 
ence of the different degrees of the two scales is 
thus itistsiilly seen. Here is one of these scales, 
(Plate U. Fig. I.) by which you can nt once per- 
ceive thiit catli degree uf KeBiimni's corrCK])uiKls 
t!^2^ of l''iihren]ieit's division. But I believe the 
"i>eoch have, of late, given tlie |ireference to what 
they call the centigiado scale, in which the space 
between the freezing and Ehe boiling point is divided 
into 100 degeees. 

CAROLIHE. 

That seems to me the most, reasonable dimon, 
and I cannot guess wbj^ the freezing point 
is called 32°, or what lulvantage is derived from 



There really is no nilvantage in it; and it ori- 

niaker, Fal.ri^nlie.t, ^^h» lii-t t;oii-lvLnici! titrsc 
thermometers. He mixed snow anil '..ill togfllierj 
and produced by that means a degree of cold 
which he ctwcluded was the greatest possible, and 
therefore made his scale begin from that point. 
Between that and boiling water he made 212 
'd^^rees, and the freezing point was found to be at 
88°. 
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EMILY. 

Are spirit of wine) and mercury, the only liquids 
used in the const ructTon of thermometerB ? 



I believe thev are the only liquids now in use, 
llioiiiih some others, sucli as linseed oil, would 
make tolerable therniomeiers ; but for experiments 
in which a very quick and delicate test of the 
chdDges of temperature is required, air is the fluid 
soroetiines employed. "Hie bidb of air thermo- 
nietera is iilled with common air only, and its 
expansion and contraction ore indicnlcd by a small 
drop of aiiv coloured bquor, wliicb is suspended 
within the tube, and moves up and down, according 
as the air within tlic bulb and tube expands or 
I'liiiiTiii i!.. iim 111 (rriii.riii. iiii' mcrinometers, how- 
L-ratui e, are by no 
1 d ns. 

I can, however, show you an air thermometer of 
a very peculiar constnictioa, which is remarkably 
well adapted br some chemical experiments) aa it 
is equally ddicate and accarate in its indications. 



CAROLINE. 

It looks like a double thermometer i-eversed, (he 
tube being bent, and having a large bnlb at each 
of its eKtremities. (Plate IL Pig. 2.) 
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nuns caloxk: 



Why da you call it an dr thermtuiieteT? the 
tube eontuns a coloured liqoid. 

Bat observe that the balbs are filled with air, the 
liquid being confined to a portioi) of the tube, and 
answering otil^ the purpose of sliowini^', by its 
motion in the tube, the comparative dilatatiun or 
contraction of the air within the bulbs, which afford 
an indication of their relative temperature. Tbaa, 
if you heat the bulb A, by the wsrmin of your 
hand, the fluid wUl rise towards the bulb B, 
and the contrary wUl hiq)pen if you reverse the 
ezperimenL 

Bnt i^ on the contrary, both tubes are of the 
Bame temperatore, as is the case now, the coloured 
liquid, suffering on eqnal preHine on each tide, no 
i^iange of level takes place. 

CAROLIIIE. 

Iliis Instnunent appears, inde^ uncommonly 
delicate.- The flnid is set in motion by the mere 
qtproach of my hand. 

You must observe, however, that this ther- 
moraeter cannot indicate the temperature of any 
particular body, or of the medium in iduch it it 
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[mmerscd: it serves only to point ont the 
,^rence of temperature bctwciii the two bulbs, when 
placed under difi'eieiii circuiihstHiici--!. For ihii 
reason it has been called differentiul ilicrmometer. 
YoD nilt see hereafter to vhat particular purposes 
this iustTumrat applies. 

KHILT. 

but do common thermometers indicate the exact 
quantity of caloric contuned either in the atmo- 
sphere, or in any body with which tln^ are in 
contact? 

No t first, because there are other modificslions 
of caloric which do not affect the thermometer; 
and, secondly, because the temperature of a body» 
as indicated by the thermometer, is cirily relative. 
When, for instance, the thermometer remains 
stationary at the freezing point, we know that the 
atmosphere (or medium in which it is placed, 
whatcTer it may be) is as cold as freeung water : 
and when it stands at the boiling point, we fcnow 
that this medium is as hot as boiling water ; but 
we do not know the positive quantity of heat con- 
tmned either in iteezing or boiling water, any more 
dian we know the real extremes of heat and cold} 
and, ccHisequently, we cannot determine that of the 
body in whidi the thermometer is placed. 
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CAKOUNE. 

I do not quite undetetand thia exi^aoation. . , 

Let lis compare a tLermo meter to a ivcll, iu 
wliitli the wiiter rises to difTerent lielglits, accord- 
ing as it is more or less supplied hy the spring 
which feeds it: if the dq)th of the well is un- 
ftthomable, it must be impossible to know the ab- 
solute quanti^ of water it contains: yet we can, 
with the greatest Hccuv.-icy, measure l!ie number of 
feet the water has riwn or Ihllcn in ll-^- " di, at any- 
time, and consequeiiilj- know tlie ]irccise (jiiiimitj 
of its increase or diminution, witlioiit having the 
least knowledge of tlic whole quantity of water it 
contains. 

Now I comprehend it very well : nothing ap-= 
peon to me to explun a thing so clearly as a com- 
parison. 

txtwt. 

Biit will thermometers bear any d^ree of heat? 

No: for if the temperature were much above the 
highest degree marked on the scale of the thei'mo- 
meter, the mercury would burst the tube in an 
attempt to ascend. And at any Tate, no thermo- 
meter can be spptied to temperatures higher tbui 
8' 
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^ bfding point of tbe liquid iued in ^ coib>' 
stnictioD ; ibi the Bteam, on the liqaid bcgiiuung to ' 
boil) would burst the tube. la furnaces, or nben- 

ever any very high temperature is to be measured, 
a pyromelcr, invented by WeiJgwood, is used for 
lliat purpose. It is made of a certain composition 
of baked clay, which has the peculiar property of 
contracting by heat, so that the d^jree of eoa- 
traction of this substance indicates the tempentme 
to which it has been exposed. 



Bnt ia it possible for a body to contract by 
he&t ? I thought that heat dilated all bodies what- 

UB8. B. 

Tliis is not an eSMption to tbe nik. ¥ott must 
recollect that the bulk (tf the day Is not compared, 
whilst ho^ with that which it has when cold ; but 
it is from the change which the clay has ondergime 
by having been heated, that the indications of this 
instrument are derived. This change consists in a 
beginning fusion which tends to unite the particles 
of day mere closelyi thus rendering it less pervious 
or spongy. 

Clay is to be considered as a spongy body, 
^Munding in interstices or pores, from ita baviiig 
contained water when soft. These intenticn aze 

TOL. 1. fi 
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by heat lessened, and would by extreme heat be 
ep&cely obliterated. 

CAROLINE. 

And how do you ascerlain the degrees of con- 
traction of Wedgwood's pyrometer ? 

The dimensions of a piece of clay are measured 
by a scale graduated on the side of a tapered 
groove, formed in a brass ruler; the more the elay 
W is contraeiedl^ the beat, die farther it irill descend 
into the narrow part of tbe tube. 

Before we quit the subject of expamion, I must 
observe to you that, as liquids expand more readily 
than solids, so elastic fluids, wliethcr air or vapour, 
are the most expansible of all budit;^. 

It may appear extraoi-dinarj-, that all elastic 
fltuds whatever, undergo the same degree of expan- 
sion from equal augmentations of temperatim. 

I suppose then, that all elastic fluids are of the 
same densi^ ? 



Very for from it; thoy vai-y in density, more 
than eithet liquids or solids. The uniformity of 
their eipannbility, which at first may appear sin- 
gular, is, however, readily accounted for. For if 
the diffieient finsceptibilitie* of expanuon of bodies 
16 
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flrue from their Tuiatia dcfp^eeo of atliacti<m of 
cohesion, no such di^rence can be expected in 
elastic fluids, since in these the attnction of cohe- 
sion does not exist, thor particles bon^ on the 
contrary, possessed of an elastic or repnlaive poTer ; 
they will therefore all be equally espsoded by equal 
d^^reea of caloric. 

Troe; as there is no power opposed to the 
eipanuve force of caloric in elastic bodiesi its effect 
must be the same in all of them. 

MRS. a. 

Let ns now proceed to examine the other pro- 
perties of free caloric 

Free caloric always tends to difluic itself equally, 
that is to say, when two bodies arc of difibrent 
temp eratu res, the wanner gradually parts with its 
heat to the colder, till they are botli brought to 
the same temperature. Thus, when a thermo- 
meter is appUed to a hot body, it receives caloric ; 
vhen to a cold one, it communicates part of its 
own caloric, and this communication continues 
until the thermometer and the body arrive at the 
same temperaturb 

EMILY. 

Cold, then, it nothing but a n^aUve qnali^, 
. limply implying the absence of beat. 

D S 
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Not the total olwencc, but a diminution of heat ; 
for we know of no body in which some caloric may 
imt be discovered. 

! ' . . CAROLINE. 

But when I la; my hand on -thia raul^ table 
I feel it pasilmely and cannot concdve that 
there is any caloric in iL 

SIRS. B. 

The cold you experience eonHsIs in the loss of 
caloric that your hand svstaiiis in an attempt to 
bring its temperature lo an equilibi'ium with the 
marble. If you lay a piece of ice upon ii, you 
wili find tliat the contrary effect will take place; 
the ice wili be melted by the heat ivhieh it abstracts 
from the marble. 

Is it not in this case the air of the room) which, 
hdng viaxmbr tliau the marbl^ mells the ice ! 

MRS. B. 

The air certainly acts on the nirful* Ktu'di is 
exposed to it, but the table melb that part viifa 

which it is in contacL 

CASOLINE. . - . ' 

But why do^ (shim tend to aii equUbrlum'? 



CULOBta 



It cannot beoh ^une{^cq|de uoAetMdt, 

MRS. B. 

Very trae, Caroline; that is on excellent il^oo 
tion. You might aUo with some propriety, object 
to the term equilibrium being applied to a body 
thst is without weight; but I know of :io exin'es- 
■sioo that would explain my meaning s(i uoll. \ou 
inust consider it, however, in a figurative rather 
tlua a litentl uow : ;Ua strict meaning is an eqaal 
d0iisien. Wc caiMot, indeed, well say by what 
.power b difibsea kicdf equally, though it is not 
surprising that it should go from the parts which 
have the most to those which have the least. This 
subject is best explained by a theory suggested by 
Professor Prevost of Genera, which ia now, I 
believe, generally adopted. 

According to tbie theory, caloric is composetl 
«f pftrticles g^fectly separate ih>m each aibet, 
ey«y we of wlu«h Om^ mth a rapid ydadqr.in 
■a cwtaiq dircctiiin. Then dimtiatu mry as 
tnnch a* imaginaUoii can conceive, the veeiik of 
which IB, that there are rays or lines of these par- 
ticle* moving with immense velocity in every pos- 
nUe ^leofiob. Caloric is thi)s imiversally diffutej, 
so that whan any portimi of spoc* hiqipens to 
be in the nughbcnriuwd of anotiwr, \Al^ tfia- 
taint more caloric, the colder, poitian reoaiveB a 
o 3 
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tpantily of ctdonfic rays from tlic latter, suiEcient 
to restore an equilibrium of temperature. This 
radiation does not only take place in free spacci 
but extends also to bodies of every kind. Thus 
you may suppose all Iwdies whatever constantly 
radiating caloric : those that are of the same tem- 
perature give out and absorb equal Ljuanlities, so 
that no variation of temperature is proJuttii in 
than; but when one body confains more free 
caloric than another, the exchange is always in 
ttmat of tbe enUer bocfy, tmtQ an equilibrium ia 
flfiected; this yvn finnd to be die etsB wken ^ 
marble table cooled your hand, and again when it 
melted the ice. 



This reciprocal radiation surprises me extremely ; 
I thought, from what you first said, that the hotter 
bodies alone emitted rays of caloric, which « ere 
absorbed by the colder; for it seems unnatural 
that a hot body should recdve any caloric from a 
cold aae, even thongh it shonld return s grestcr 
quantity. 

MBS. B. 

It may at first appear $0, but it is no more 
extraordinary than that a candle should send forth 
rays Ugfat to the ran, which, you iixm, must 
neeetsarily happen. 
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CAKOLIHE. 

Wdl, Mrs. B — , I believe that I matt ^ve np 
(be point. But I wish I co:uId see these rsjs of 
caloric ; I should thea have greater faith in them. 

Wil! you give no credit to any sense but that 
of siglit? You may feel the rays of caloric wjiich 
you rpceive from any body of a temperature 
higher llian your own ; the loss of the caloric you 
part with in return, it is true, is not perceptible; 
for as you gaia more than you lose, instead of 
' rafibring a dimhintioii, yoa are really maktng an 
acquisition of caloric It is therefor^ only nhen 
yon are parUng with it to a body of a lower tem- 
perature, that yoU are saiaible of the senBatioii of 
cold, because you then sustun an absolute loss of 
calorie. 

£un.T. 

And in this case we cannot be sensible of the 
BraaSL tpauliP/ of heat we recave in exchange 
from the colder body, becauve it KTves only to 
dinunishthe loss. 

Very well, indeed, Emily. Professor Rcte^ of 
Geneva, has made some very interesting experi- 
raents, which prove not only that caloric cacBstei 
from all bodies whatever, but that these rajrs may 
be reflected, according to the laws of optics, in 
D 4 
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the same manner as light. I shall repeat thes? 
experiments before you, having procured mirrors 
fit for the purpose i and it will afford us an 
Opportunity of using the differential thermometer, 
which is particularly well adapted for these 
experiments. — I place an iron bullet, (Plate III. 
Tig, 1.) about two inches in diameter, and heated 
lo a degree not sufficient to render It luminpns, 
the fccoB of .thia laige nwtalliG concave mirror. 
The rays of heat wluch fall' on this mirror are 
reflactedi'Alpvfidify to the property of concave 
niirrors^ m a parallel direction, ao as to fiill on a 
simitar mirror, which, you see, is plnced opposite 
to the first, at the distance of about ten feet ; 
'thence the rsys cosTCrge to the focus ' of the 
second mirror, in which I place one of the bulbs of 
this thermomeler. Now, observe in what manner 
it is affected by the caloric which is reflected on 
it fiom the heated bullet, — The air is dilated in 
the butb which we placed in the focus of the 
mirror, and the liquor rises coiisldei'ably in the 
oppo^tel^. 

EMILY. '4- 

But would not the same effect talic place, if the 
rays of cal(»ic (rora the heated btrilct fiA dh«tly 
oiMtw thertMumteri without- tlw-Mtstftnce ttf tK« 
■dMtwM?. . • - ■ - ■ 

,. „4 «v, . , . MBs.^ . 

: Xbe fifiect v«dd ia Aat cuie be so trifling, at 
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the distance at which the bullet and the thermo- 
tneter.are from each other, that it would be almost 
imperceptible. The mirrors, you know, greatly 
increase the effect, by collecting a large quantity of 
rays into a fbcns; place your band in the focus of 
the mirror, and you will find it much hotter there 
than when you remove it nearer to the bullet. 

EMILY. 

. That is very true; it ^peats extremdy uDgnlai; 
to feel the heat dhninlih in ^iproadiiiig the body 
from which it procaeda. 

And the mirror whidi pfoduces so much heat, 
by conrer^ng the rays, is itsdf quite cold. 

HB8. S. 

The same number f£ jrays that are dispersed 
over th« tnr&ce of the mirror, are collected by it 
into the focus; but if you consider how large a 
surface the mirror presents to the rays, and, con- 
sequenily, how much they are difEiiEed in compa- 
i-ison Eo what they are at the focus, which is little 
more ihan a point, I think yon Can no long^ 
wonder that the focus should be so much hotter 
than the mirror. 

Hie principal use of the mirrors in this apQTh- 
maati it, to prove that the caloriiic emanation h 
i^ected in the same manner as light, 
D 6 
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CABOLIIIS. 

And the nsxAt, I think, la^TerrconduitTVi 

KRB. B. 

Hie «q)erimetit may be lepeaiei widi, m vntx 
taper, instead of the bullet. With a view of sepurating 
the iiglit from the caloric. For this purpose a 
traiiEjiarent (liate of glass must be interposed 
between llic niiiTors; for light, you know, passes 
with great facility through glass, whilst (he trans- 
mission of caloric is almost wholly impeded by it. 
We shall find, however, in this experiment, that 
some few of the calonfic rays pass through the 
glass together with the Ughtj as the thermometer 
rises a little; but, as soon as the glass is removed, 
and a free passage left to the caloric, it will rise 
conuderably higher. 

llrii experiment, as well as that of Dr. Her- 
»h(^, proves that tight and hsat may be se- 
parated; fi>r in the latter experiment the separation 
was not perfect^ any more than in that of Hr. 
Pictet. 

CAROLINE. 

I shonld like to repeat this experiment with the 
difference of snbstituting a cold body instead of the 
hot on^ to see whether' cold would not be reflected 
as well as heat 
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AIRS. B. 

That experiment was proposed to Mr. Pictet by 
an incredulous philosopher lilce yourself, sHclfae 
immediBtely tried it by substitutiDg a piece of ica 
in the pltux of the heated bulleU 

CABOlINE. 

. Wdl, Mrs. B., and what was the result? 

MRS. B. 

That we shall see ; I have procured some ice for 
thepmpose. 

BMILT. 

The* thermometer fidls considerably I 

CASOUNE. 

And does not Uiat prove that cold is not merely 
a ii^atioe qnalily, implying dmply an inferior 
df^iree of heat? The cold must bepotiiioe, innce 
it is capable of reflection. 

So it at first appeared to Mr. Pictet; bul, upon 
a liltk consideration, he found that it afforded only 
an additional proof of the reflection of heat : this 
I shall endeavour to explain to you. 

According to Mr. Prevost's theory, we suppose 
that all bodies whatever radiate caloric; die ther- 
mometer used in these experiments) therefore^ emits 
calorific rays in the same manner ai any other 
d6 



substance. When its temperature is in eijuilibriiini 
with thiit of tlie surrounding bodies, it receives as 
much caloric as it parts witli, and no cliange o{ 
temperature is piodiwed. But when we inUodoce 
a bodjr of a lower, tetnperstiir^ tmb at a pi«oe of 
ic^ which parts with less caloric than it receives, 
the conseqaoKe is, that its tempraature is raised, 
whilst that of the samnmcUng bodies b propor- 
tionally lowered. 

XMILT. 

li^ for instance, I were to bring a Iai;ge piece of 
ice into this room, the ice would in time be melted, 
by absorbing caloric from the general rodbtion 
which is going on throughout the room ; and, as it 
noiild contribute very little caloric in return for. 
what is absorbed, the room would necessarily' be 
tsodsA by it. 

MBS. B. 

Just so: and as, in consequence of the mirrors, a 
more considerable exchange of rays takes place 
between the ice and the thermometer, than between 
these and any of the surrounding bod iee, the tem- 
peratuiebf the thermometer mnst be more lowered 
duBi that of any <Rher aigacent ol^ect. 

- Cakoume. 

~ I cmifeM'I do not perftcdy nnd^tand yonr es- 
planatiDD. ' 
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MRS. S. 

Tliis experiment is exactly similar to that maiJe 
witli the heated bullet : for, if we consider the ther- 
mometer as the hot body (whicli it certainly is in 
comparison to the ice), you may then easily under- 
stand that it iaby the loss of the caloriBc rays which 
the thermometer sends to the ice, and not by any 
cold nt jB reo^yed from it* tbst tbe &11 of the m ei> 
cnry is occasioned; for the ice, fax Scorn eraittidg 
rays of Cold, sends forth rays of ealoric, which 
dimisish the l09s sustained by the thermometer. 

I^t us say, for instance, that the radiation of the 
thermometer towards the ice is equal to 20, and 
that of the ice towards the thermometer to 10: 
the exchange in favour of the ice is as 20 is to 10, 
or the thermometer abaolutely loses 10, whjlsttbe 
ice gains 10, . . 

CAROLINE. 

Bat if Oie ice actually sends rays of calorie to 
dM dienMnMlM^ iiHMt not ^ latter fill! still lower 
whai die ice is removed ? 

asB.B. 

No: for die ^loce which Ae tee occnfued, admits 
Tftys from ^ the ncraindhig bodies to pass 
throuf^ itj and those bong of tbe same tein* 
peratnre as the thermometer, will not a^ct bfr- 
came ae randi beat mnrretnnM to the thcamofflAtt 
as nkBates frcm it. 
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CAKOLTNE. 

I must confess that you have explained this in 
so satislactory a manner, that I cannot help being 
convinced now tbat cold has no real dahn to the 
rank of a pouUre bangi 

MRS. B. 

Before I concluilu the subject of radiation, I must 
observe to you, that different bodies (or ratber sur- 
faces) possess the power of radiating caloric in very 
different degrees. 

Some curious experiments liave been made by 
Mr. Leslie on this subject ; and it was for this 
puipose that be invented the differential thermo- 
meter: with its assistance he ascertained that black 
sur&cea radiate most, glass next, and polished sur- 
faces the least of all. 

UMILY. 

Supposing these surfaces, of course, to be all of 
the same temperature. 

Undoubtedly, 1 will now show you the very 
simple and ingenious apparatus, by means of wliich 
he tnade these experiments. Tliis cubical tin 
vessel^ or canister, has each of its sides externally 
covered with difierent materials ; the one - is 
umply bkckened ; the next i« covered with white 
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paper; tbe third with a pane of gloss; and in the 
fourth the polished tin surface remains uncovered. 
We shall fill tliis vessel with hot water, so that 
there can be no doubt but that all lis sides will be 
of the same temperature. Now lot us place it in 
the focus of one of the mirrors, making eai;h of its 
sides front it in succession. We shall begin with 
the black surface. 

caaouttE. 

It makes the thermometer, which is in the tbcus 
of ilie oilier mii-ror, rise considerably. — Let us turn 
the paper surface towards the mirror. The ther- 
mometer falls a little, therefore of course this side 
cannot emit or radiate so much caloric as the 
blackened side. 

EUILY. 

This is very surprising ; for the sides are nactly 
of the same size, and must be of the same tempera- 
tai«. But let UB try the glass surface. 



The thermometer continues falling; and with 
the polished tin Bor&ce it fidls still lower : these 
two snrfaces, therefore^ radiate less and less. 

CASOtlNB. . . 

I think I hare ibond otit the reason.of this. 
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I shoiilil be very happy to liear it, for it lias not 
yet (to my knowledge) been accounted for. 

CAUOLINE. 

' ' The vatet within the vessel gritdDally cools, and 
the thermometer iti' coiisequence gradually falls. 

MRS. B. 

It is true that the water cool^ but certainly in 
much less proportion than the themumieter 
scends, as you will [lerceive if yott now change tlw 
tin surface for the black one. 

CAROLINE. 

I wa> mistaken, cert^nlf ; for the tbermometer 
risci again now that the black anr&ce fronts the 
mirror. 

MBS. B. 

And yet the water in die vessel is still cooling 
Caroline^ 

IMILY. 

I am surprised that the tin surface should 
radiate the least caloric; for a metallic vessel 
filled with hot water, a silver tea-pot, for instancy 
feds m»ch hotter to the huid than one cf blade 
earlluowaM. .... 
18 
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That is owing to the diflferent power which va- 
rious bodies possess for amductiiig csioric^ ? PT*^ 
pertj' wbidi we tiudl presently examine. -Iliu^ 
^thoDg^ s metallic veatd feds wanner to tticliand, 
a vessel of this kind is kngrint'to preserTe'Bie liest 
of the Uqnid within, .1>«U«r than one of any other 
naleriali ; it i| iqr due isaaoD Uiat alv&c tea-pots 
make betlar tea than, those d* esrtheni-wtuMt 



According to these experiments, light-coloured 
dreasesf in cold weather, should keep ua wanner 
than blaclc dothea, since the latter radiate so mvch 
more dnn tke^fbriBw. 

UBS. B. 

And tbat is actudly the caw. ■■ ' 

EMILY. 

This property) of dificrent sur&ces to radiate iif 
different dcgreeii, aj^eors to me to lie at variance 
with the qquilibrium of caloric; since it would 
imply that those bodies whicli radiate most, must 
uUioiatcIy become coldest. 

Suppose that we were to vaiy this experiintt^ 
using two metallic vessels full of boiling wateVf 
the one bUaHt^n^, the other not ; - would not the 
black one cool the first ? 
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True; but when tbey were both brought dowil 
to the temperature of the room, the iiiterchitnge of 
calotic between the cBniatera and the other bodies 
of the room bang then equal} their temperatures 
would remain the same. 

BHn.Y. 

I do not see why that should be the case t lor If 
diffimt snrbces of the same temperature radiate 
in di£ferent d^rees wh» heated, why should ibey 
not continue to do SO when cooled down to the 
temperature of the room? 

Mns. B. 

f on have started a difficulty, Gmity, which cer- 
tainly requires explanation. If is fiiund by expe- 
riment that the power of absorption corresponds 
with and is proportional to that of radiation ; so 
that under equal temperatures, bodies compensate 
lor the greater loss they sustain in consequence 
1^ fb«r grevtar tadtation by thdr greater tb- 
Borption; and if you were to make your ex-' 
periment in an atmosphere healed like the 
canisters, to the temperature of boiling water, 
though it is true that the canisters would radiate in 
diflerent degrees, no change of temperature would 
be produced in them, because th^ would each 
absmb caloric in proportion to their re^wctive 
iracKatioi]. 
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EMILY. 

but would not (be canisters of Ixnliiig water also 
nbsorb caloric in difTerent degrees in a room of the 

common temperature? 

Undoubtedly ihey would. But the various 
bodies ia tbe room would not, at a lower tem- 
perature, fiimuih dtber of the canisters with a 
sufficient^ caloric to compensate far the toss 
&ey nndergo ; for, suppose the black canister to 
absorb 400 rays of caloriC) whilst the metallic one 
absorbed only 200 ; yet if the former radiate 800^ 
whilst the latter radiates only 400, the blacfc 
canister will be the first coolcti down to the tem- 
perature of the room. But from the moment the 
equilibrium of temperature has taken place, tbe 
black ciinieter, both recdving and giving out 400 
rnys, and the metallic one 300, no change of tent* 
pcrature will take place. 

1 now understand it extremely well. liut what 
becomes of the surplus of calorific rays, which 
good radiators emit and bad radiators refuse ta 
receire: they nntst wander. rixrat in search of a 
rarting-place ? 

Has,B. 

Htqr really do so; fbrtht^ are r^ected and sent 
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back, or, in other wonjst reeled by tbe bodies 
whtch are bad radiators of caloric ; and they are 
ihas transmitted to other bodies which happen to 
lie in their way, by which they are dther absorbad 
or again reflected, according' as the property of 
reflection, or that of absorption, predonuDates in 
tbedc bodies. 

" ' ' CABOLIDE. 

: I do.not veil niular^iui4 the difitoence betwew 
radiating and rcflei^ing 'Vl/lt'^i for the calorie 
that ia reflected from « body pEoceods Grom it in 
straight lines, and may surely be said to radiate 
from it ? 



. It is true that there at first appears to be a great 
analt^ between radiaiion and r^^ection, as they 
ctgoally coDTey the idea of the trauBmisdon of 
caloric. 

But if yoH consider a little, you will perceive thot 
when a body radiates caloric, the heat which it 
^its not only proceeds from, but has its origin 
in the body itself. Whilst when a bod; re^cie 
valoricy it parts with none of its own caloric, but 
only reflects that which it recafes from other 



Of this dififerctieftwc have vo; striking examples 
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before us, in the tin vessel of water, and the eon- 
cave mirrors ; the lirst radiates its own heat, the 
latter reilccle the heat wliich they receive from other 
hodics. 



Now, tiiat I understand the difference, it no 
lotiger surprises me that bodies which radiate, or 
part widi their own caloric freely, should not have 
the power of. transmitting with equal facility that 
which they receive from otlier bodies. 



' Yet no body can be said to possess caloric of its 
ova, if all caloric is originally 'derived from the 
■nil. 

MSS.B. 

When I speak of a body radiating its own 
caloric, I mean that which it has absorbed and 
incorporated either immediately from the sun's rays, 
or through the medium of any other substance. 

CAROI.IKE. 

It seems natural enough that the power of ab- 
!:Oi'|>tion s'liouki be in oppoution to that of flec- 
tion, for the more caloric a body receives, the less 
it will reject. 

EMILT. 



And equally so that the power of radiation 
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Bhould correspond with that of absoiptton. It tSt 
ID &ct, cause and effect; for a body cannot radiate 
h^t wilhout having previoosly abeorbed it; joat ai 
a spring that U well fed flows abandsatly. 

HRS. B. 

Fluids are in general very bad radiators of calo- 
ric; and air ndtber radiates nor absorbs caloric in 
any sen^ble degree. 

We have not yet concluded our observations on 
&ee caloric But I shall defer, till onr n^t meet- 
ing, what I have litrther to say on this snbject. I 
believe it will eSbrd us ample conversation for 
{WMthcr intervieir. 
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CONVERSATION III. 

pONTIHVAnOM OF THE SUBJECT. 



MRS. B. 

In our last conversation, we began to examine the 
tendency of caloric to restore an equilibrium of 
temperature. This property, when oncowell under- 
stood, affords the explanation of a great variety of 
facts which appeared formerly unaccountable. You 
must observe, in tho first place, that the effect of 
this tendency is gradually lo bring iill bodies that 
are in contact to the same teniperaluro. Thu^, 
the fire which burns in the grate, communicates its 
heat from one object to another, till every part of 
the room has an equal proportion of it. 

And yet this book is not so cold as the table on 
which it lies, though both are at an equal distance 
from the fir^ and actually in contact with each 
other, 10 that, according to your tbeoiy, they 
shontd be otactly of the same temperature. 
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And the hearth, which is much nearer the fire 
than the carpet, is certainly the colder of the two. 

MRS. B. ^ 
If you ascertain the temperature of these several 
bodies by a Uiennomet^ (i^ch is 'a 'much more 
accurate test tbm your feding), yon will find that 
it is exactly the Bame. 

CAROUNfU 

Sat if they are of the sune tm^eatme, vbj. 
should the one teel colder than the othtf?- 

The heai lli and the table feel colder than the 
carpet or the book, because the latter ai e not Euch 
good coHihirtors of heat as the former. Calorit; 
finds a more easy passage through marble and 
wood, than through leather and worsted; the two 
former will therefore absorb beof naore rigidly &sk^ 
your hhnd, and consequently it asbvnger 
sation of cold than the two latter, although ihej 
are alt of them really of Ae -same temperature. 

So, thep, the sensation I feel on touciiUiga cold 
body, » in proportion to the lafudity' jwitti yHw^ 
my hand yields its heat to tlut body ? , 



MUS. B. 

Precisely; and] if you lay your hand succetaively 
on every object in the room, you will diKover 
which are good, and which are bad coudncton 
of he^ die difiertait d^reea of cold yoa fieh 
But, in order to ascertain this point, it is secessBry 
that the serersl substances should be of the same 
temperature, which will not be tlie case with those 
that are very near the Sre, or tliose that are exposed 
to a current of cold air from a window or door. 

imn.t. 

Bat what ii the nuoa A»t «Mne botKes aro 
bettw condnctort of heat than others? 

Hita.B. 

This is a point not trell ascertained. It has bean 
conjectured that a certain union or adherence takes 
place between the caloric and the particles of tlie 
body through which it passes. If this adherence 
be strong, the hddy. detains the hftt, and parts 
witih it ^wly and rductsnlly; i£ (light, it pntpa- 
gates it fredy and rapidly. The coadopting power- 
of a body ia therefore, inversely, as Jta tendeBC^ to 
omte Mitb caloric 

BHILY. 

Tfaat uk>sqr,l))Bt Ills best oondncton are &ose. 
Am turn the kaet affini^fw caluiG. 

VOL. I. E 
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Yeii hut the tern aBiaty la. objec^onable in 
this CBse, because, as that word is used to express 
a chemical attraction (which csn be descrayed 
only by decom position), it cannot be applicable to 
the slight and tranaieiit union that takes place 
between free caloric end the bodies through which 
it passes; an union which is so weak, tliat it con- 
stantly yields to the tendency which caloric has to 
an equilibrium. Now you clearly understand, 
that Uie psange of caloiM^ through bodies that are 
good condacton, is much morer^d than through 
those that are bad condncton, and that the former 
both give and receive it more quickly, and there- 
fore, in a given time, more abundantly, than bad 
conductors, which makes them feel either hotter 
or colder, though they may he, in fact, botli of the 
Htme tempemtiuvi 

CA2QUHV- 

Yes, I understand it now; the taUe, and the 
book lyuig xipfxi it, bang re^y of die some tem- 
perature, would each reodT«i in the snne space 
of time, the same quantity of heat from my hand, 
were their conducting powers equal; but as the 
table fa the best conductor of the two, it wilt 
absorb the heat from my hand more rapidly, and 
iSehteqiieBtly produce a strengn' senSttiaD of cold 
than iheboc^- 
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UBa. B. 

Very well, my dear; and observe, likewise, 
that if yon were to heat tlie table and tlie book an 
equal number of dfgrees above the tempei'atni'e of 
your botlj-, the table, uliicli boforE felt the colder, 
would now feel tlic bolter of the two ; for as iu 
the first case it took tiic heat most rapidly from 
yourhandi so it will now impart beat most rapidly 
to it. Thm the marble tabic, which sccnis to us 
colder than the mahogany one, will prove the 
hotter of the Iwo to the ice: for, if it takes heat 
more rapidly from our liands, ivhieli are warmer, it 
will give out heat more rapidly to the ice, which 
a colder. Do you understand the reason of these 

Perfectly. A botly which is a good conductor 
of caloric, affords it a free passage; so lhat it 
peuetrates through lhat body more rapidly than 
throi^ one wiilcli is it bad conductor: aod, ccm- 
ac^pieutly, if it is colder than your hand, jm lam 
more caloric, and if it is hotter, you g&in mora tban 
with a bad conductor of the same temperature. 



But you must observe that this is the case only 
when the coodDctara taa shbar hotter or colder 
your hand} faiv if 70U hati difcwt coD- 
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ductors to the temperature of your body, they 
will all feel equally warm, since the exchange of 
caloric between btniiea of tbe same temperature 
u equal. Now, can you tdl me why flannel 
dotbia^ which m « very bod cmiduGtor of heaXt 
pmenta our fealing ctild? 

carouke. 

It prevent! tbe cold from penetrating 

MRS. B. 

But yon 6«get that cold is only s n^gadve 
quality. 

CAltOUHiC 

True; it only prevents the beat am bo^ef 
from esci4>ing so rapidly as it would othennM do. 

MRS. B. 

Now you have explained it right; the flannel 
rather keeps in the heat, than keeps out tbe cold. 
Were the atnio^>heie of a higber t^pero^ce (haa 
our bodies, it would be equally efficacious inkecf^ 
ing dieir temperotora at tbe same degree) as ic 
woaM prevent the free access <^ the extamd 
beat, by tbe dtfiBcnl^ with which it ctHtducts it 

SMUT. 

lliis, I tbin^ is very clear. Hea^ whether 
external <ir internal, cannot easily penetrate ftm- 
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nel; therefore in cold weo&er it kecfis w warm, 
and if the weather were hotter tliaii oar bodust it , 
would keep us cool. 

MBS. B. 

The moat dense bodies are, gatettlBj speaking, 
the best conductors of heat; probably because the 
denser the body the greater are the number of 
points or particles that come in contact with caloric. 
At the common temperature of the atmosphere a 
piece of metal will feel much colder than a piece 
of wood, and lltc latter than a piece of woollen 
cloth; this again will feel colder than flannel; and 
down, which is one of the lightesl* is at the same 
time one of the warmest bodies. 

CAROUHE. 

This is, 1 suppose, the reason that the pluBiaga 
of birds preserves them so effectnally from the 
kdmnce ofci^d in winter? 



Yes; but though feathers in general are an 
excellent preservative against cold, down is a kind 
of plumage peculiar to aquatic birds, and covers 
their chest, which is the part most exposed to the 
water; for though the surfiice of the water is not 
of a lower temperature than the atmbsphcn^ jet, 
n it is a better conductor of hea^ it feels mnch 
X S 
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colder, consequently the chest of the bird requires 
a warmer covering than any other part ofils bodj. 
Besides, the breasts of aquatic birds are exposed 
to cold, not only from the temperature of the water, 
but niso from the velocity with which the breast 
of the bird strikes against it; and likewise from 
the rapid evoporBticra ocotsioiied in that part by 
the air afpinst which it strikes, after it has been 
moistened by dipping from time to lime into the 
water. 

If yon hold a finger of one hand motionless in a 
glass of water, and at the aame lime move a finger 
of the other hand swiftly through water of the same 
temperature, a different sensation will be soon per- 
ceived in the different fingers. 

Most animal snbstances, especially those which 
Providence has assigned as a covering for animals, 
and) aa fur, wool, hair, akin* Sn, aiv btd con- 
ductors of heal^ and are, oo that acooont, gudi 
excellent preservatives against the indemoicy of 
winter, that onr warmest apparel is made of these 
materials. 

Wood is, I dare say, not so good a conductor as 
metft!, and it is for that reason, no doubt) that 
silver tea-pots have always wooden handles. 

HHS. B. 

Vest and it is the fecility vilh- whit^ metda 
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conduct caloric that mude ;ou suppose that a silver 
pot radiated more caloric than an earthen one. 
The silver piOt is in iha hottsr to the hand when 
in contact with it ; but it is because its conducting 
power more than counterbalances its defioim;; in 
regard to radiation. 

We have ob^^ved that the most dense bodies 
are in general the best conductors; and metals, 
you know, are of that class. Porous bodies, such 
as the earths and wood, are worse conductors, 
^aefiy, I believe on accoimt of their pores b«ng 
filled with air ; £>E ^ is a remarkably bad con- 
ductor. 

CAIUUJHZ. 

It is a very fortunate drcmnstaace that wr should 
be a bad amdoBb^t as it tends to preserve the heat 
of the body when e^tppsed to cold weatiber. 

It is oitc of the many benevolent dispensations of 
Providence, in order to soften the inclemency of the 
seasons, and to render almost all climatea habitable 
to nun. 

Iq fluids of difiermt densities, the power of con- 
ducting heat varies no less remarkably; if you dip 
your hand into this vessel faH of mercury, you will 
aomely ooaaeivc that its teinpetature i> not lower 
fhu ^at ofthe abBo^bara. 

z* 
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Indeed I know not hew to believe it, it feels so 
extremely cold. — But we may eawly ascertain its 
true temperature by the thenncuntlor. — It is really 
not colder than the air ; — the apparent diflerence 
then IB produced merely by the difference of the 
condu^iDg power in meccni; and in >ir. 

ms-B. 

Yes; hence you nuy jn^e how fitde the taiu 
of feeling is to be relied on u a test of the tem- 
perature of bodies, and how necessaiy a therrao- 
meter is for that purpose. 

It has indeed been doubted whether fluids have 
the power of conducting caloric in the same man- 
ner as bodies. Count Rumford, a very few 
years nnce, attempted to prove, by a variety of 
experiment!, that fluids, when at rest, were not at 
oil endowed with this property. 



How is that possible, since they are capable of 
imparting cold or heat to us; for if they did not 
aondnct heat, th^ would ndtber take it from, nor 
give it tons? 

mm-B. 

Count Bon^ffd did not mean to wy that fluids 
would not cofflmonicate their beat to eeltd bodies; 
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but only that lieat doea not pervade fluids, that 
is to say, ie not transtniued from one particle . of 
a fluid to another, in the same manner as in solid 

But when you beat a vessel of water over tlie 
fir^ if llie partideB of water do not commnnicate 
heat to each other, how does the water become hot 
throughout? 



By constant agitation. Watrav as yon have 
seen, expands by heat in the same mimaer as solid 
bodies ; the heated particles of water, therefore, 
at the bottom of the vessel, tiecome specifically 
lighter than tlie re^t of the liquid, and conse- 
quently ascend to the surface, where, parting with 
some of their heat to the cokler atmosphere, they 
are condensed, and give way to a Ircsh succession 
of heated particles ascending from the bottom, 
whidi having thrown off their heat at the sar&cei 
«re in thar tnm diiplaced. Thus every particle 
is Bnccessively heated at the bottom, and coded at 
the surface of the liquid ; but as the Are commu- 



the succession of surfaces, the whole of the liquid 
in time becomes heated. 

CAROLIME. 

Tiia acooBB t a moat iogoiioDsly for the prc^Mx 



MRB. B. 



nicates heat 



rapidly than the atmosphere cooU 



= 5 
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gation of heat upwards. But suppose you were 
to heat the upper surface of a liquid, the particles 
beii^ apecificslly lifter than those below, could 
not descend: how therefore would the' heat be 
communicated downirard> ? 



If then were no notation to force the heated 
Burface downwards, Count Rumford assui^ ua 
that the heat would not descend. In proof of this 
he succeeded in making tlic upper surface of « vewel 
of watrr boii end evaporate, while a cake of ice 
remained frozen at the bottom. 



That is very entraordinary indeed ! 

MSB. B. 

It appears so, because we are not accustomed to 
heat liquids by their upper surface; but you will 
nndmtnnd this theory belter if I show you the in- 
temal motion that takes place in liquids when ihey 
^periencc a change of temperature. Tlie motion 
of the liquid itself is indeed invisible from the ex- 
treme minuteness of its particles ; but if you mix 
with it any coloured dust, or powder, of nearly 
the same apecific gravi^ as the liquid, you may 
judge of the intern^ motion of the latter by that 
of the coloond dust it c«ilwBs> — Do yom ie« tlte 
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undD i^MM of aoAiet morii^ dnot in the Uqwd 



Yea, perfectly. 

Wc shall DOW immerge the phial in a glass of 
hot water, and the motion of the liquid will be 
shown hy that which it commimicateE to the amber. 



I see two cuirenta, the one rising along the sides 
of the phial, the other descending in the centre j 
but I donot nndetBtandtheteason of this. 

MRS. B, 

The hot water communicates its caloric, through 
the medium of the phial, to the particles of the 
fluid neareiit to the glo^s ; the^e dilate and' ascend 
laterally to the sai&ce, wher^ in parting with 
their hea^ they are oondenaed, and in descending 
form the central current. 

This is indeed a very dear and satisfactory expe- 
riment; but how much ilower the currents now 
morethKith^didsLt first? 

MB&B. 

It ia because the droBUtion ef parddes has 



■.—:;z::=Si&tsa^i»Coogl£ 



64 



TAKE CALDSIC 



neul; produced an eqnilibrimn of tempentan W 
tveen die liquid in the glsEs and that in the phial. 

CABOUHB- 

Bat these commnnicate laterally, and I thought 
that beat in liquids conld be propagated only 
spirardi. 

HBS.B. 

Tou do not take nodce that the heat is imparted 
from one liquid to the other, through the medium 
of the phial itiielf, the external surface of which 
nteives the heat from the water in the gla£s, wliilst 
its internal surface traosmits it to the liquid it con- 
tain!. Now take the phial out of the hot vater> 
and obterVe the effect of its cooling. 

Cimeiils are reversed ; the external cuiv 
mit now descendB, and the internal one rises. — I 
gnen the reason of this change the phial being 
in contact with cold air instead of hot water, the ex- 
ternal particles are cooled instead of lieing heated; 
tbey therefore descend and force up the central 
particles, «4ucb> bcang warmer, are conseqttentljr 
lighter. 

MRS. B. 

H is just SO. Count Rumford hence infers, that 
no alteratioD of temperature can take place in a 
4w)> Hith°Ht m. ip^fi^ mo^on of its particlm; 
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ud ai Ail motion h produced only by-the com- 
pmtin levity of the heated particles, heat catanot 
be propagated donnwards. 

But though I believe that Count Rumrord's 
theory as to heat beiug incapable of pervading 
fluids is not strictly correct, yet there is, no doubt, 
much truth in his observation) that the commu- 
nication is materially promoted by a motion of the 
parts ; and this accounts for the cold that is found 
to ptevul at the bottom of the lakes in Switzerland, 
which are fed by rivers issuing from the snowy 
Alps. Hie water of these rivers being colder, and 
therefoi^ more dense than that of the lakes, sub- 
aides to the bottom, where it cannot be afl^cted by 
the warmer temperature of the surface; the motion 
of the waves may commnnlcate this temperature to 
some little depth, but it can descend no fiirther than 
the o^tation extends. 

' .XHII.T. 

But when the atmo^here is colder than the lake, 
the colder surface of the water will descend, for the 
very reason that the warmer will not. 



Certainly ; and it is on this account that neither 
a lake, nor any body of water whatevert can be 
froten until every partide of dw water has Am to 
surface tojgive off its cak^ to^e colder at- 
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Hiospbere; therefore the deeper a body of water 
18, the longer will be the time it reqoires to he 
frozen. 

But if the temperature of the whole body of 
mter be bronght down to die freezing point, why 
is only die snr&ce frozoi ? 

MRS. B. 

The temperature, of the whole body is lowered, 
^ut not to die freezing pconL The diminution of 
Tieat, as you know, produces a contraction in the 
l'%u11c of fluids, as well as of solids. This effect, 
however, does not take place in water below the 
temperature of 40 d^recs, which is 8 degrees 
above the freezing point. At ihiit temperature, 
therefore, the iiitenial motion, occL.iiimed by the 
incriiaswl specific gravity of tlio coiidensed par- 
ticles, ceases; for when the water at the surface 
no longer condcuseE, it will no Longer descend, 
and leave a fresh surface exposed to the atmo- 
sphei'e : this suriace alon^ therefore, will be further 
exposed to its severity, and will soon be brought 
down to the freezing point, when it hecomes ice, 
which being a bad conductor of heal, preserves the 
water beneath a long time from being affected by 
the external cold. 

CAROLINE. 

And the cea does not freeze, I BiippbK% because 
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ita depth is so great, tbat a frost never Uets leog 
enough to bring (3own tlie temperature of sach a 
great body of water to 40 degrees? 



That IS one reason why the sea, as a large masa 
of water, does not freeze. Bi^ uid^)eiideiitljr of 
tbis, foit water does not freeze t&l 'it is cooled 
mnch below 32 degrees, and witb respect to the 
law of condensation, salt water is an exception, 
as It condenses even manv degrees below the 
freezing point. Wlicii the caloric of Iresh water, 
therefore, is imprisoned bv the ice on its surface, 
the ocean iitiU continues throwing off heat into the 
atmosphere, whicli is a most signal dispensation of 
Providence to moderate the intensity of the cold iii 
winter. 

CAROLINE. 

This theory of the non-coiiducting power of 
liquids, does not, I suppose, hold good with respect 
to air, otherwise the atmosphere would not be 
heated by the rays of the sua passing thvougii it? 

MHS. B. 

Nor is it heated in that way. The pure atmosphere 
is a perfectly transparmt nMdium, which neither 
Bi^Bte^ abtnbi, mxr tmiatU tn^ade, hM tran- 
sits tbc nya of die em to m hMmmM at mijf way 
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diminishing tlieir intensity. The air U therefere 
not more lieated, by the sun's taya passing tht'ough 
it, than diamonil, glass, water, or any other traiu- 
parent medium ■ 

CABOUNE. 

Hiat is very extraordinary 1 Are glara windows 
not heated Uten by the bud shiiung on them 7 

MBS. B. 

No; not if the glasa be perfectly transparent. 
A most convincing proof that glass transmits the 
rays of the sun without being heated by them is 
afibrded by die burning lens, which by conver^g 
the to a focus will set combustible bodies on 
fir^ without its own temperature being raised. 

Yet, Mrs. B., if I hold a piece of glass near the 
fire, it is almost immediately warmed by it; the 
glass therefore must retain some of the caloric 
radiated by the fire? Is it that the solar raya 
al<Hie pass freely through glass without paying 
tributfi? It seems unacGoantable that the radiatiui 
of a common fire ihoold have power to do what the 
sun's rays cannot accomplish. 

It is not because the rays from the fire have more 
power, but rather because they have less, that th^ 



ntEX cuLonic 



heat glass and other transparent bodies. It is 
trae, however, that as yon approach the source of 
beat the rays being nearer each other, tlie heat 
is man condeosedi and can prodnce ^^tt of 
which the solar rays, from the great distance of 
thdr soarc^ are incapable. Thus we sbonld find it 
imposable to roast a joint of meat by the sun's 
rays, though it is so easily dune by culinary heat. 
Yet f^aloric emanated from burning bodies, which 
is commonly called adinan/ heal, has neillier the 
intensity nor the velocity of solar rnvs. All caloric, 
we have said, is supposed to proceed ongmuilv Irom 
the sun; but af^r having been incorporated with 
terrestrial bodies, and again given out by them, 
though its nature is not essentially altered, it retains 
neither the intensity nor the velocity with which U 
iirst emanated from that luminary ; it has thereibre 
not the power of pasung throngh transparent 
mediums, such as glass and wat«r, without being 
partially retained by those bodies. 

£HILT. 

I recollect that in the experimmt on the nflection 
of heat, the glass skreen which yoo iUterposcd 
between the burning taper and ibe mirror, arretted 
the rays of caloric, and sofiered tally tbon of ligbt 
to pass through it. 

CABOUMB. 

Olau window^ dmif tfwogh Um^ caimot be 
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iuaUd by die sua shiniag on thein, may be heated 
^Btemally bjr r fire in the room ? But, Mrs, B., 
9aoe the i^sKwpbere is not warmed by the solar 
Xfffa pasuDg through iU how dcM it cjitaia heat? 

all die firea that are.bunuog 'on the surface of 
the earth woald contribute very little towards 
warming it. 

Tlie radiation of licat is not coniiiinl \i> bmniiij?; 
bodies ; for all bodies, yon Itnotv, hnve that pro- 
perty: therefor^ not onl; every thing upon the 
nr&ce of the earth, but the earth itself, must 
radiate heat; and tbiB terrestrial calorici not having, 
I suppose sufficient power to traverse the atma- 
ijAer^ commnnicates heat to it. 

MBS. B. 

Your inference is extremely well drawnj Emily; 
but the finmdation on which it rests is not sound : 
fcr the Jsct is, that terrestrial or culinary heat) 
though it cannot pass through the donscr trans- 
parent mediums, such us glass or water, without 
loss, traverses the atmospbere complelely ; so that 
all the heat which the earth radiates, unless it 
meet with clouds or any foreign body to intarcefU 
its passage, posses into the distant regions of ihfi 
universe. 

CABOUBE. 

What a pity that so much heat should be 
wasted! 
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Before you are tempted to object to any law of 
nalurc, reflect whetlier it mny not prove to be one 
of the numberless dispeiiEiations of Providence for 
our good. If all the heat whidi the earth has 
received from the aun since the creation, had been 
accumulated in it, its touperaturs tbie time 
would, no doubt, have beea more elevated than 
any human being could have borne. 

I spoke, indeed, very inconsiderately. But, 
Mrs, B., though the earth, at such a high teoipe- 
rature, might have scorched onr feet, we riunild 
always have had a cool refreshing air to breathy 
smce the radiation of the earth does not heat the 
atmosphere. 

IMItY. 

The cool air would have aitbrded but very inEuf- 
ficient refreshment, whilst our bodies were ^xHed 
to the burning radiation of the earth. 

Mils. B. 

Nor ?!ioul<! we liiive breathed a cool air ; for 
though it is true that heat is not communicated to 
tlie utniosplicrc by radiation, yet the air is warmed 
by contact with heated bodies, in the same manner 
ns solids or liquids. The stratum of air which is 
immediately in contact with the eaith is heated hj 
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it; it becomes specifically lighter, and rises, making 
way for another stratum of air, which is, in its turn, 
heated and carried upwards; and thus each suc- 
ceBsive stratum of air is warmed by coming in con- 
tact with the earth. You may perceive this effect 
in a sultry day, if you attwtively observe the strata 
of air near the lurface of the earth : they appear 
in conitant agitation ; for though it is true Uie ur is 
itself invinblei yet the sun shining on the vapours 
floating in it, render them visible, like the amber 
dust in the water. The temperature of liie surface 
of the earth is therefore the source from whence 
the atmosphere derives its heat, though it is com- 
municated neither by radiation, nor transmitted 
from one particle of it to another by the conduct- 
ing power ; but every particle of air must come in 
co^act whh the eardi, in order to receive heat 

EMILY. 

Wintl, then, by agitating tlio air, should contri- 
bute lu codl the earth unci warm the atmoEphere, 
by bringing a more rapid succession of fre*h strata 
of UT in contact widi the earth? and yetingeoeral 
wind feels cooler than still ur,. 

MM. B. 

Because the agitatiwi the air carries i^faeat 
from the mrfiice of oar bodies more rapidly tban 
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■fill air, bj oocaiionitig a greater number of points 
of conlact in a given time. 

Since it is From the earth, and not the sun, that 
the atmosphere receives its heat, I no longer won- 
der tlmt elevated regions should be colder than 
plains and valleys. It was always a subject of 
astonishment to me, that in ascending a monntalii 
and approaching the sun, the ur Ixcame ccAder 
instead of being more heated. 

At the distance of about a hundred million of 
miles, which we are from the sun, the approach of 
a few thousand feet makes no sensible difference, 
whilst it produces a very considerable effect with 
regard to the warming the atmosphere at the sur- 
face of the earth. 

Yet as the warm air arises from the earth, and 
ihe cold air descends to it, I should have supposed 
that beat would have accumulated in the upper 
regions of the atmoqihere, and that we should 
have the air wanner as we ascended ? 

' Ins, Bi 

The atmiMpIier^ you know>dimbis{ie8 m drasity, 
and coDeeqnendy in jweif^t, as it is more distant 
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from the earth : the warm air, therefore, rises only 
till it meets mtli a stratum of air of itiown dansi^; 
and it will not ascend into the upper r^onsof die 
atmosphere until all the^iarts beneath have been 
previoDsly heated. The length of summer, even in 
warm climates, does not heat the air sufficiently to 
melt the snow which has accumulated during the 
winter on very high moantains, although they are 
almost constantly exposed to the heat of the sun's 
rays, being too much derated to be 01 ten enve- 
loped in clouds. 

These explanations are very satisfiictory ; but 
allow me to ask you one more question rcsjiecting 
the increased Icvlly of heated liquids. You said 
that when water was hented over tlie fire, ih.c par- 
ticles at the bottom of the vesicl ascended as soon 
OS hented, in consequence of llieir ppeeific levity : 
why does not the same cITect continue when llie 
water boils, and is converted into steam ? and why 
does the steam rke from the sur&ce, instead of tl^ 
bottom the liquid 7 

MRS. B. 

The steam or vapour does ascend from tlie bot- 
tom, though It seems to arise from the surface of 
ike liquid. We shall boil some water in this 
Flormce flask, (El&te IV. Fig. 1.) in i^der Uiat 
•3 
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you may be well ncquainted with the process of 
cbiillitioij : yo:: "ill then see, through the glass, 
ihiil ihc viijiour vises in bubbles from the bottom. 
We shnil make it boii by meaDE of il lamp, which 
is more conreoient for this purpose than the diim^ 
nej fire. 

I see same small bubbles ascend, and a great 
many appenr all over ihe inside of the flask: does 
the water begin to boil already? 

UR8. B. 

No : what you now sec are bubbles of air, whn& 
were either disEolved in the water, or attached to 
the inner sar&ce of the flask, and which, bang ra- 
refied ljy the hcot, ascend in the water. 

EMtLY. 

But the henl which rarefies the air inclosed in 
tlie water, must rarefy- tlie water at the same time; 
therefore, if it conic] remain stationary in the water 
when both were cold, I do not understand why it 
s^oul^l not when both are equally heated. 



Air being much less dense than water, is nore 
ttuly rarefied ; the former, thei^ire, e^andi to 
a gnat extent^ whilat the latter contianes to occui^ 
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nearly the same spBce; for water dilates compara- 
tively but very tittle witbout changing its state and 
becoming vapour. Now that the water in the fla^c 
begins to boil, observe what Urge bubbles rise from 
the bottom of U. 

SHILT. 

I see them pwiectly; but I wmider that they 
bare Bofficiait power to tbrce tbasselveB throng 
the vaten 

cArolins. 

The7 matt liae, joa know, fiwn their tpedGe 
kvitf. 

11X8. B. 

Von are right, Caroline ; but vapour has not ia 
all liquids (when^ brought to the de^ee of vapori- 
zation) the power of overcommg the pressure of 
the less heated sur&ce. Metals, for instance, mer- 
cury racked, evaporate only from the suriwce ; 
therefore no vtapout will ascend from tbem dll the 
degree of heat which is necessary to form it has 
reached the surface ; thst is to say, till the whole 
of the liquid is brought toa state of ebullition. 

XlHILY. 

I haveobserved that steam, iramedi^ly issuing 
from the spout of a tea-kettl^ is less viriblc tinn 
al a ftirtiier distance from it; yet it niut be moie- 
2«- 
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demo wbeu it first eraporatet, than when it b^ns 
to diffiise itseif in the air. 



Whtn the steam is first formed, it is so perfectly 
dissolved by CHloric, «s to be invisible. Id order, 
iiowever, to anderstand this it will be neceswry for 
me to enter into tome explanatioa respecting the 
nature of solution. Solution tabes place when- 
e»er a body is melted in a fluid. In this operation 
the body is reduced to such a minute slate of di- 
vision by the fluid, as to become invisible in it, and 
to partake of its fluidity; but in common solutions 
this happens without any decompoaitlong the Ixtdy 
being only divided into its integrant particles by 
the fluid in which it is melted. 

CAROLINE. : 

It is then a mode of destroying the attraction of 

MRS, B. 

Undoubtedly. — Tlie two principal solvent fluids 
are taaifr and caloric. You may have observed 
that if you melt salt in water it totally disappears, 
and the water remains clear and transparent as be- 
fore ; yet lliough the union of these two bodies 
appears so pei fect, it is not produced by any che- 
mical combination ; both the . salt and the water 
remain unchanged ; and if you were to separate 

TOL. I,, W 
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tkeip by evaporating the latter, you Would find 
the salt in the same state -a* before. - ' . 

wavut. 

I nippow that wAter iss Milveiftferiolid bodiea ' 

and caloric for liquids? 

HBS. S. 

Liquids of courw caa only he converted into 
■Wfoitt I9 caln^ But the ntAvaM power of tim 
' sgjeut ia not at oil ^opfined , to ttuit daw ot be^ 
die»; a great Tariet; of solid Bubstances are d»H 
solved by heat: thiu metals, which are insoluble 
in water, can be dissolved hy intense heat, being 
first fused or converted into a liquid, and then 
rarefied into an invi»ble vapour. Mmy Other 
bodies nich as sal^ gpma, && yield to eidieT <rf' 
thece wlTenU. 

CABOLINl. 

And tfaa^ no donbt, is the reoion wby hot 
water will melt them so much better than' cold 
water? 

It is CO. Caloric ma>'i indeed, be considered as 
having, in every instance, some share in the solu- 
tion of a body by watWj since water, howewr low 
its temperature may bt^ almya cmtaios more or 
kat colotic 
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Theiit perhaps, water owt'.i tU solvent pawer 
merely to the caloric contained in it? 

. MRS. B. 

That, probably) would be carrying the specu- 
htum too fir ; I tbould rather ttunk that water 
and cakffic nnlte thrir effi>rts to diswlTe a body* 
and that the difficult or facility of efi^ii^ thil, 
depend both oo the degree of attraction of aggr^ 
gation to be overcome, and on the arrangeiMNt 
of the particles which are more or less disposed to 
be divided and penetrated by the solvent. 

But have not all liquids the same nlv«nt power 
as water? 

MRS. B. 

The solvent power of other liquids varies ac- 
cording to their nature, and that of the substances 
submitted to their action. Most of these solvents, 
indeed, differ essentially from water, as they do 
not merely separate the integrant particles of the 
bodies which they dissolve, but attack their con- 
stituent princq>les by the power of chooical 
4ttastfiDn, thus producing a true deoonipDUtloii. 
Ums mora co m plica te d operuion* we vtait fiwr 
udtr in UMtfaer plae^ and confine oqr tXtO^ 
T2 
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don at present to the eolatunu hf wata- 

caloric. 

CAROLINE. 

But tlicre are a variety of substances whicli, 
when dissolved in water, make it thick and muddy, 
and destroy its tranaparency. 

MRS. B. 

In this case it is not a solution, but simply a 
mixture. I shall show you the difference between 
a solution and a mixture, by putting some com- 
mon salt into one glass of water, and some powder 
of chalk into another; both these substances are 
white, but their effect on tbe water will be very 
different. 

Very different, indeed ! The salt entirely disap~ 
pears and leaves the water transparent, whilst the 
chalk changes it into an opaque liquid like milk. 

UnLY. 

' And wonld lamps of chalk and salt produce 
umilar eflfects on watn ? 

Yes, but not so rapidly : salt is, indeEd, soon 
meltoil ilioiigh in a lump; but chalk, wiiich does 
not mix so readily with water, would requite a 
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much greater Icugth of time; I therefore pre- 
ferred showing you the esperiment with both 
nibstances reduced to powder, which does not in 
any respect alter their nature, but &cilitates the 
operation merely by presenting a greater quantity 
of surfece to the water, 

I must not forget to mention a very curious 
circumstance req>ecUng solutions, which is, that 
a flmd is not nearly so much iruTeased in bulk b; 
bidding a body in solntion, as it wduld by mere 
mixture vnih the body. 

CABOLIME. 

How is that possible; for two bodies cannot 
adst together in the sune spac8 ? 

MBS. B. 

Two bodies may, by condensation, occupy less 
space when in union Uian when separate, and this 
I can show you by an easy experiment. 

'Chis phial, which contains some salt, T shall fill 
vith water, pouring it in quickly, so as not to 
dissolve much of the salt; and when it is quite 
full I cork it. — If I now shake the phial till the 
salt is dissolved, you will observe that it ii no 
longwrulL 

CABOUHS. 

- I shall try to add a little more saft. — Bat now, 
ytm see, Hn. B. the wtter runs over. 

tS 
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HfBi B. .'„. > 

' Yes; bnt-obstm thaCtlMlait qnuti^Of «A 
joD put in fetnains stdid at tbe bdttom, sod dift-' 
places the w&ter; fcH- it has already melted at] tbe 
salt it is capable of liolding in solution. This i» 
called tlie point of saturation ; and the water IB. 
thb esse is said to be saturated with salt. 

EMILY. 

I tbink 1 now understand the solDtian of » H^d-' 
bod; by water perfectly ; bat J have not so clear 
an idea of the solution of a liquid by caloric 

MRS. B. 

It Is probably of a similar nature ; but as caloric 
is an invisible fluid, its action as a solvent is not 
so obvious as that of water. Caloric, we may 
conceive, dissolves water, and converts it into 
vapour by the same process as water diseoives salt; 
that is to say, the partidet of water are so 
BunWely divided by tbc G^oiic a* to beccone invi- 
riUe. HiiHt yea an bow enablad to wihMwad 
vhy the vaptnr of fcoffing mteiv -wfam it first 
kMei ktita the spout of a kettle^ is in^sible; it 
if 80^ becaaie it is th^ completely dissolved by 
caloric But the air with which it comes in con- 
tact, being much colder than the vapour, the latter 
yiddstoitaqaaatig^ofhsnlMic. Ihe^pwtj^ 
of vspoor bdngtbiH in s great iMw rg j^p^wd 
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of their solvent, grailually collect, and become 
visible in the form of steam, which is water iit a 
ttate of imperfect aolucion : and if you were fur- 
ther to deprive it of its caloriC) it would return to 
its original liquid state. 

CAKOUNK. 

Hutt I nnderstand very vtAL If jroa hold li 
CoU plate oret a tes-uni, As eteam issnii^ Jrom 
it will be imniadiudy coaKtted into drops of 
«Mer by putSng with its caloric to the [ritte; but 
Id wbat Oate fs iteam, wfaen ii beoMM inti^ 
ble by bang dIffiiMd in the air? 

HSBt B, - 

Zt feaotnwrdj^ffiued, but b agua diaalml 
bythewr. 

tuax. 

tlieur^'tbeiit hga a sol^nit pomr, like water 
andfdoriG? 

HBB. B. 

"nil was jbrmerlf believed to be the caae. But 
h appean from more recent enquiries that the 
lolTent power of the altaosphere depends solely 
upon the caloric contained in it. Sometimes the 
watery vapour difiiised in the atmosphere is but 
In^e^fiietly diuolved, as is the case in the fbrK- 
wIm «f clmida «id fep } bat if ii gah iato a i^uw 
m B d mt iy wm* it bsoomu pM^[% iinisftila, . 



Digitized by GoOgle , 



104 niBE CAIOBIC. 

EMILT. . . ' 

Can any water be dissolved in tbe stmo^oA 
without having been previoudy converted into 
vapour by boiling? 

UnqnestioiiBbly : and this constitutes tlie differ- 
ence between vaporization and evaporation. Water, 
when heated to the boiling poinr, can no longer 
exist in the form of water, and must necusaui ilj be 
converted into vapour or ateam, whatever may 
be ihc state and temperature eS the Barroundiag 
medium; this is cdled iwpoiization. But tbe 
atmosphere, by meam of the calwic it contains, 
can take up a certain porUon of water at any tem- 
pwatUT^ and hold it in a state of solution. This 
is mmply e^oration. Thus the atmosphere u 
Gootinaallf carrying off molEture from the surface 
of the eardi, until it is saturated with it. 

CAROLINB. 

That is the case, no doubt, when we fed the 
Btioosphere damp. 

On the contrary, when the moisture is well dis- 
solved it occasions no humidity ; it ia only when 
in a state of imperfect solution and floatitig in ihe 
atmo^here^ in Uie form of wat^ vaponr, that it 
produces dampness. . Thia happen* mqre fr^ 
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qoentl; in winter than in summer ; for the lower 
the HoDperature of the atmosphere, the leas wtUer 
it can dbsolTe ; and in reality it never contains so 
much mtHStnre as in a dry hot summer's day. 

CAROLINE. 

, Ton astonid me I But why, then, is the air so 
dry. in trtMy weather, when its temperatarc is at 
the lowest? 

This, I conjecture, proceeds not so much Jrom 
the moisture being dissolved, as &om its being, 
frozen ; is not titat the case ? 



It is; and the freezing of the watery vapour 
which the atmospheric heat could not dissolve, 
produces what is called a hoiii" frost; for the 
particles descend in freezing, and ntlivcii themselves 
to whatever they meet with on the surface of the 
e»ctb. 

The tendency oF free caloric to an equilibrium, 
together with its solvent power, are likewise con- 
nected with the phenomena of rain, of dew, &c. 
When moist air of a certain temperature happens 
to pass through a colder region of the atmosphere, 
it parts with a portion of its heat to the surround- 
teg idr; the quanti^-ctf caloric,' therefor^ ^which 
sarred to keq) the water hi a state i£ TOponr, 
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bebg ditninitbed, the watery puticl^ approach 
mdi otHuSTt sad femi tbemwlvei into drops of 
vater, which, being faeavier than the atmosphere, 
descend to Uie earth. There are also other cir- 
ciim stances, and particularly the variation in the 
weight of the atmosphere, the changes which lake 
place in its electrical state, Sec. which m»y contri- 
bute to the formation of rain. Thil, however, n 
an intricate eubjecl, into wludi we caooot more 
fully enter at present. 

EHItT. 

. la what manntr do ytm accooBt for Ae fbrsh 
ation of dew ? 

MRS. B. 

Dew is a deposition of watery particles or minute 
drops from the atmo^ere, precipitated by the 
codnes of the evening. 

CAROL! NX. 

This precipitation is owing, I suppose, to tJie 
rmilingofilic atmosphere, which prevents its retftin-' 
iijg so great a quantity «f watery vapour in solution 

as during the heat of the day. 

MRS. B. 

Such was, from time immemorial, thegener^y 
received (pinion respecting the cause of dev; but 
it baa been very recendy proved by % ctmne of 
ii^eiuoiissspaiBentaof Dr. Welfe, that tbedepo- 
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utioti of dew is produced by the cooling of the sur- 
face of the earth, which he has ^hown to take place 
previously to the cooling of the atmosphere; for on 
examining the tetnperature of a plot of grass just 
before the dew-fall, he found that it was considerably 
colder than the air a feir ket above i^' from wMch 
the dew Tai shortly after predpitatedl 

BiaiLT. 

' But why should the eaith cool in tbB svenuiE 
sooner than the atmoephere? 

Because it parts with its heat more readily than 
the air ; the earth is an excellent radiator of caloric, 
whilst llio atnios|ilierc does not possess that pro- 
perty, at k'^st in any sensible degree. I'owarda 
jevening, therefore, when the solar heat declines, 
and whea after sun-set it e^itirely cease^ the eatth 
nq>idly cooU by radiating heat towards the skies ; 
whiUt the sir has no nican« of parting with its heat 
hot by coming into contact with the cooled surface 
of the earth, to which it communicatee its caloric. 
Its solvent power being thus reduced, it is unable 
to retain so large a portion of wateiy Tapour, aD4 
dqxMks those petflydEop»«hich wecaUdew. 



this be the c^uce of. deWf me need nttt Wqvprar 
It^vp (tf.receiTipg any ii^ary from itj'^forit can 
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be deponted only on nirfiices that axe colder thui 
the timosfbere, which u never the case viih our 
bodies. 

MBS. B. 

Very true ; yet 1 would not advise yon for this 
reason to be too confident of escaping all the ill 
effects which may arise from exposure to the dew; 
for it may be deposited on your cloches, and chill 
you afterwards by its evaporation from them. 
Besides, whenever the dew is copious, there is a 
chill in the atmosphere which it is not always safe 
to encounter. 

CAHOLIHE. 

Wnd, then, should promote the deposition of 
dew, by bringing a more rapid succession of par- 
tidea of air in contact irith the earth, just as it 
promotes the cooling of the earth and warming of 
the atm9sphere during the heat of the day ? 

UBS. B. 

This may be the case in MHne d^re^ provided 
llie' agitaiHHi of the air be not Gcniddarable; .for 
when the irind is stnuif^ it is finmd that less dew is 
.4q)oaited than in calm weather, especiallylf the 
atmo^ere be loaded with clouds. These accumu- 
lations of moisture not only prevent the free radi- 
atioa of the earth towards the upper regions, but 
ibonselTeB radiate towards the eardi; for which 
reasons nmch Un dew is fmned Aan on fios-ctMr 
5* 
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nfgfatS) when the rndiation of tUe earth paw^ 
without obstiicte tlirough the atmoepheie to the 
distant regions of space, ivhence it receives no 
caloric in exchange. The dew continues Co be 
d^osited during the nighl, and is {■ciierally most 
abundant towards morniug, wheri the contrast 
between the temperature of the carlh nod that of 
the nir is greatest. After sunrise the equilibrium 
of temperature between these two bodies la gradu- 
ally restored by the solar rays passing freely 
through the atmosphere to the earth} and later in 
the morning the temperatnre of the earth gains the 
ascendancy, and gives out caloiic to the air by 
contai:t, in the same manner as it receives it from 
the air during tlie night. 

Can you lell me, now, why a bottle of wine taken 
fresh from tlie cellar (in summer particularly), will 
soon be covered with dew; and even the glasses 
inio which ihe wine is poured wHI be moistened 
with a similar vapour? 

The bottle being colder than the surrounding air, 
must absorb caloriclrom it; the moisture, therefore, 
which that air contained becomes viuble, and fomis 
the dew which is depouted on the bottle. 

MKS. B. 

V«i7 w>% Emily. Nov, Caroline, on jaa 
inSam me why, in a warm toopOt at elcne carriage 
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tteemtmy efiect takes place; that is to. u^, 3ut|t 
Ae kwde of the windows is covered with TCp««? 

CAROLINE. 

I have heard that it proceeds from the breath of 
those within the room or the carriage; nnd I sup- 
pose it is occasioned by the windows which, being 
colder than the breath, deprive it of part of its 
caloric^ and by thia meant convert it into WAtery 
vapour, 

MBB. B. 

Yon Inve both esplained it eztronely weU, 
Bodies Bttrat^ dew in proportion as th^ are good 
radiators of caloric, as it is this quality which reduces 
their temperature below that of the atmosphere; 
hence we find that little or no dew is deposited on 
rocl:$, sand, or water; while grass and living Tege> 
tables, to which it is so highly beneficial, attract it 
in aljuiHlaiice — another rcmarliable instance of the 
wise and bountiful dispensations of Providence. 

And we may again observe it in the abundance 
of dew in summer, and in hot clttnates, when its 
cooling effects are so much required ; but I do not 
nndentwd what natural cause increases the dew in 
hot weather? 

MBl. B, 

The more cototic tbe miA receivca daring tbe 
day* the mere it wffl radiM» iftennnl^ and oeB9er 



quently the more rapidly its temperature will ha 
reduced in tlie evening, in comparifion to that of thfr 
atmosphere. In the West Indies especially, where 
the intense heat of the day is strongly eontrasted 
with the coolness of the evening, the dew is prodi- 
giously abundant. During a drought, the dew is lesa 
plen[if<il,as the earth is not sufficiently supplied ivith 
moisture to be able to saturate the atmosphere. 

I have often obtcrved, Mr*. R, that when I walk 
ORt in froMy weather, with a yal over my £aee, my 
breath lireezei upon it> Fray what is the reaiou of 
that? 

MRS. B. 

It ta because the cold air immediately seizes on 
the caloric of your breath, and, by robbing it of 
its solvent, reduces it to a denser fluid, which ig 
the wiiccry vapour that settles on your veil, and 
there it continues parting with its caloric tOl it is 
brought dowur to the temperature of the atmo- 
^here, and aaaumes the form of ice. 

You may, perhaps, liave tAiserved that the breatli 
of animals, or rather the moisture contained in 
is visible in damp weather, or during a frost. - In 
the former case, the atmosphere being orer- 
aatarated with moistnre, can dissolve no vaan. 
la&K ktter, the cold condenMi it into vidbla 
ivpmtr } aod fi» the sane reason, tfae Btsua arltin^ 



113 



OAUBtC. 



from watM- tlut is minneF dnn the atmoApbn^' 
beconeB visUile. Have you never t^en notice oT 
the vapour ridng from your haadt after having' 
dipped ihem into warm water? 

Frequently) especially in frosty weather. 

MR9. B. 

We have already observed that pressure is an 
obstacle to evaporation : there are liquids which 
contain so great a quantity of caloric, and whose 
particles consequently adhere so slightly together, 
that they may be rapidly converted into vapour 
without any elevation of temperature, merely by 
taking off the weight of llie atnios()licre. In such 
liquids, you perceive, it is tlic pressure of the atmo- 
sphere alone that connects ihuir )>articles, and 
keeps them in a liquid state. 

I do not well understand why the particles of 
such fluids should be dlaunilcd and convorteil into 
vapour, without any elevation of temperature, in 
ipite of the attraction of cohesion. 

It is because die degree of heat at which we: 
umally obaave tfaeae fluidi ii suffidoit to oyercome 
dwir BttractiaD of cokeuoB. EOW U of this de- 
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Braiptkm; it trill boil and be conTerted into viqwur, 
at tbe axniiKHi tcnqienrtace of dieur, if tke pre»- 

sure of the atmoBphere be taken ol£ 



1 thought that ether would evaporate without 
either the pressure of the atmosphere being taken 
away, or heatapplied ; and that it was for that rea- 
son eo necessary to keep it carefoUy corked tip 7 

UBB, B. . . 
' It ia trdB it will evaporate^ but iriAout ebnlli- 
^on ; what I am now speaking of is the vsporiza^ 
tion of ether, or its conversion into vnpour by 
boiling. I am going to show you how suddenly 
the ether in this phial will be converted into 
vapouri by means ofthe air-pump. — Observe with' 
vhat rapidity the bubbles ascend, as I take off tbc 
pressure of the atmosphere. 

CAROLINE. 

It poM^vely boils: how »ngal>r to we a liquid, 
boil without beat I 



Now I shall place the phial of eiher in this, 
gUss, which it nearly fits, so as to leave only a 
ngwU ' tpKOt viaeh I fill with water ; and in thii 
■Ute I put it affia under the reeeiver. (Plus 
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IV.Fig. 1.)*— Toaijrill'olMSY^uIexhanri^ 
tir frnn tfast whilst -die •dnrbml^ tbeirater 
freezes. 

CABOUME. 

It is indeed mnnda^ to see mter ftevo in 
contsGt with « boiling fluid t 

I am at a loss to conceive bow the ether can pass 
to the state of vapour without an addition <^ 
GBloiic. Does it not contain more caloric in » 
state of vapour, than in a state of li^nidity ? 

It certainly does; fer though it ]t the presuire 
of tiio atmoqihere which condeote* It into a llqddt 
it is b; Ibicing ont the caloric that bdongi to It 
when in an aSrifium state. 

• Tiro piMM of dAi glsM tuba, tested M OM csdi 
astwcr Alt purpose better. TbeBxpaiiiiebt,howeT«T,MlwCB 
detcribed,!* difficult, and leqmnt a Taj meesppsnttw. But 
if, iDitead of pbialB or tuba. Mo ntcb-flesaea be used, water 
msjr befroien almost iottiUltl; in the same manner. Hie Mo 
g1as>e> are placed over oneaDDther.widiBfeirilrDpior water 
incei^ied between them, and^euppermoBt glau n filled mill 
edw. Met winking &» pomp for i imnute or two, the 
glsMBSMelbaBd'tft aAcrc nro^ljjivttibetvwdatUa lijnr 
pfice.il teeo betweM) theot 
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XMII.Y. 

%a'.lMn yMHafbret two dffictdtioi to ej^lun, 
Mrs. B. — Fir*, whence the ether obtains the 
caloric necesearj to convert it into vapoar when it 
is relieved from the pressure of the atmosphere; 
and, secondly, what is the reason that the water, 
in wltich the bottle ofether stands, is frozen ? 

Now, I think, I can answer both tliese ques- 
tions. The ether obtains the addition' of caloric 
required, from the water in the glats; and the 
loss of caloric, which the latter iiutung} is the 
occasion of its freezing. 

MRS. B, 

You are perfectly right; and if you look at the 
tbermometer which I have placed in the water, 
whilst I am working the pump, you will see that 
every time bubbles of vapour are produced, the 
injury descends; which proves that the heat of 
the water dimiiiyies in proponkm u the ether 
boilfc 

EHILT. 

This I understand now very well ; but if the 
water freezes in consequence of yielding its caloric 
to the ether, the equilibrium of heat must, in this 
cAe^ be totally daatrayed; Yet yon have. t(d4 
llHt the exchu^ of caloric bctmcn tm bodies ftf 
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equal temperature, was always equal ; how, then, is 
it that the water, which was originally of the same 
temperature as the ether, gives out caloric to it, till 
the water is frozen, and the ether made to boil ? 



I suspected that you would make these ol>jec- 
tionsi and, in order to remove them, I enclosed 
two tliermometers in the air-pump; one of which 
Stands in the glass of water, the other in the phial 
of edier; and you may see that the equilibrium <^ 
tempemture ia not destroyed; for as the thermo-. 
meter descends in the wa.Ux, that in the ether sinks 
in the same manner; so that botli thramometers 
indicate the same temperature, thoo^ one of them 
is in a b(»lin|^ the other in b freem^ liquid. 

The ether, then, becomes colder as it boils? 
This is so contrary to common experience that I 
confess it astonishes me exceedingly. 

UBOLINE. 

It is, indeed, a most extraordinary circamstance. 
Kit'pray how do yon acconnt for it ? 

MBfi. B. 

-I catmot satiBfy your caricHly at preset; for 
before we can attempt to expWi this apparent 
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pantdox, it is necessary to become ^aqii^irted with- 
the subject of i.4temt heit: and that, I diink, we 
must defer till our next iaterriew. . 

CABOLINE. 

I believei Mrs. B., that yon are glad to put off 
die e^lma^on; &a it ntUBt be a very difficult 
pwnt to account for. 



I hop^ faovevK, that I shall do it to your coin- 
plete latis&ction. 

SMWt, , 

But before we parti ^ve me leave to ask yon 
one question. Would not water, as well as ether, 
boil with less heat) if deprived of the pressure of 
the atmoaphere ? 



UndoNbtedly. You must always recollect that 
there are two forces to overcome, in order to 
make a liquid boil or evaporate; the attraction of 
aggregation, and the weight of the atmosphere. 
On the summit of a high mountain (as M. De 
SausBure ascertained on Mount BWic), mu^h less 
heat is required to make water boil,, than in the 
plain, where the w«ght of the atmosphere i% 
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grater. • loOeed if the weight of the atmosphere 
be entirely removed by means of b good air-pumpi 
and if water be placed in the exhansted receivOTiit 
will evaporate so fast, however cold it may b^ as to, 
give it the appearance of boiling from the surtaco. 
But without the SBUstaace of the air-piiiiip, I caii 
ihow you a very pret^ cxperimeD^ which ftaim 
the effect of the pressnre of .the tttraosidww in 
this respect. 

Observe, that this Florence flask is aboDt half 
full of water, and the upper half of inviuble 
vapour, the water being in the act of boiling. — X 
take it irom the lamp, attd coi^ it careful!;— the 
water, yon see, immediately ceases bmliog.— X 
shall now dip the fla«k into a baan of cold water, f 

CAROLINE. 

Bat look, Mrs. B., the hot water bc^'os to boil 
again, althongfa Uie cold water must rob it more 
aqd more <^ its caloric I What can be the reason- 
of that? 

• On the top oTBfountBkn^ water bdledtAcahaatad 
■ only t» m i« gnei , i mt B P d of aia dtgrew. 

t nun dbct imp be prodDMdlqr wnnMnta cold 
wet U>M clotb rowd the upper part of the fiu^ In 
crdar V *)mw bow wieh the water eoob whUtt it bbtdSoi^ 
a tbaraMDMtr, gnduated on tbe tnbe itMlT, be lotro^ 
duced btto Uk bottle throng the oak. 

2' 
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' t.et us examine its tempenture. Yon lee the 
ttiermonieter immersed in it remaios stationary at 
180 degrees, which is about 30 degrees below the 
boiling point. When I look the flask from the 
lamp, I observed to you that the upper part of it 
was filled wilh vapour; this being compelled to 
yield its caloric to the cold water, was again con- 
deuBed into water.. — Whatj then, filled the upper 
pttrtoftheflvak? 

EUtur. 

NoUung; for it was too wdf cmied fin: dta 
to gain admittaiice, and Aerdbre the upper part 
of the flaak must be a vaciinm. 

HKS. B. 

The water below, therefore, no longer austaida 
. the pressure of the atmosphere, and will coate- 
quently boil at a mndi lower tempraatui^ Thni^ 
you tee, though it had lost many degreea of heol^ 
it began boiling again the instant the vacuum was 
.formed above it. The boiling has now ceased, 
the temperature of the water being still farther 
reduced; if it had been ether, instead of water, it 
would have contiuKed bulling much longer, tor 
ether boils, under tlic usual lllmo^llllL■^le pressure, 
at a temperature as low as luu degrees; and in a 
vacuum it boils at almost any temperature; but 
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water bang s more dense fluid) requires a more 
covudemble quantity of caloric to make it evapo- 
rate quickly, eiea when the pressure of the almo- 
q)heie is removed. 

EMILX. 

What proportion of vapour can the atmosphere 
contun ma state of solution? . ' 

HSS. B. ' 

I do not know whether it has been exactly' 
ascertfuned by experiment; but at any rate this 
proportion must vary, according to the temperature 
ofihe !iti]]ijs[ibfro ; for the ioncr ihe temperature, 
(lie smaller must be the; proportion of vapour that, 
the atmoBphere can contain. ^ 

To conclude the subject of free caloric, I should 
mention Ignition, by whidi is meant that emission 
of li^t which is produced in bodies at a very 
high temperature, and which is the effect of accu- 
mulated caloric. 

Yott mean, I su|qwae, that light which is pro- 
duced by a bnming body? 

No ; ignition is quite ind^endent of combu»- 
tim. Clay, chalk, and indeed all inctwibustible 
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substances, may be mode red hot. When a body 
. bum^ the ^it etmUed. is the «fiect of a chftni- 
-ral change nhich takes place, whilst ignition is 
the effect of caloric alone, and no other change 
than that of temperature is produced in the 
ignited body. 

All solid bodies, and most licpildi, are sase^ti- 
. hie .of ignition, or, in other words, of beii^ 
heated so as to become luminous; and it ia re- 
markable that this takes place pret^ nearly at 
. the same temperature in all bodies, that is, at about 
BOD degms of Fahrenheit's scale. 

cEMILV. 

Bat how can liquids attain so high a. tempera- 
lore, without bdng converted into vapour? 



By means of confinement a[ni pri:s.-ure. Water 
confined in a strong iron vessel [called Papin's 
digester) can have its temperature raised to 
upwards of 400 degrees. Sir James Hall has made 
some very curious experiments on the effects of 
beat assi^ed by pressure; by meaus (^strong gaa- 
bands, he succeeded in melting a variety of sub- 
stances which were coniidered at infbsible: and it 
is not nnliltely tha^ by nmilar methods, water 
itielf might be heated to redness. 

VOL. t. o 
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EMILT. 

I am surprised at thnt: fiit I thought that the 
force of steam viae such SB to destroy shiHMt tU 
mechanical resistauce. 

Kits. B. 

The expanriTefiirce of steam is prodigioas; but 
in order to subject water to such high temperaturee, 
it is prenaited by confinement from being con- 
verted iDto steam, aod the expansion of heated 
water is comparatively trifling. — But we have 
dwelt so long on the subject of free caloric, that 
we must reserve the other modifications of that 
agent to om* next meeting, when we shall endea- 
vour to proceed more nqpidly. 



( 12S ) 



CONVERSATION IV. 



COHBI»ES CALORIC CUUFBEH£NDlNa . 
WBCIFIC AND UTEHT HKAT. 



too. B. 

Wb are now to eumiiM Uio other modificationB of 

CABOlniK. 

I am wry cuiioiii to know of what nature they 
can be; fi>r I have no nodon ttf any kind of heat 
that ia not perceptible to the sensea. 

inis.B. 

In order to enable you to nndetatand theni) it 
will be necetsary to enter into xme previous 
planationB. 

It baa been diacovered by modem ch^ista, that 
bodies of a different notary heated to the same 
temperature do not contain the same quantity «f 
calinic. 

CAROLDIB. 

How conld that be ascertained ? Have yon not 
told m that it ja impowble to discover the absolute 
qnanti^ of Caloric which bodiei contwn? 
OZ 
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True; but at the staae time I said that we were 
enabled to form a judgment of the proportions 
which bodies bore to each other in this respect. 
Thus it is found that, in order to raise the tempe- 
rature of different bodies the same number of de- 
grees, different quantities of caloric are required 
for each of them. If, for instance, you place a 
pound of lead, b pound of chalk, and a pound of 
milk, in a hot oren, they will be gradually heated 
to the temperature of the oven ; but the lead'iiffi 
attain it first, the chaiic next, and the milk last. 



That ia a natural conscqueiice of their different 
bulks; the lead being llie smallest body, will be 
heated sooneeti and the milk, which is the largest, 
v3l Mqaire the longest time. 

HRL B. - 

. That explanation will not do ; for if (he lead be 
the least in bulk, it offers also the least surface to 
the caloric, the quantity of heat therefore wladi 
can enter into it in the same space of time, is pro- 
portionally smaller. 

SMILT. 

Why, dieii, do- not the- tliree bodies Att^ the 
temperahiTeoFUie oren at the mme time? 
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HSS.B. 

It U BDpposed to be on account of the difibrent 
aipud^ of these bodies for caloric 

CABOLIITE. 

What do you mean by the capad^ of a body 
£)r caloric? 

MRS. 

I mean a certain disposition of bodies to require 
more or less caloric for raising their temperature 
to any degree of heat. Perhaps the ftct may be 
thus explaineil: 

Let us put as many marbles into this glass as it 
will contain, and pour some sand over them — 
observe how the sand penemte> and lodges between 
them. We shall now M another glass with peb^ 
bias of various Ibnns— you see that they arrange 
thenudbras la a more compact manner than the 
marbles, whichj being globular, can touch each 
other by a single point only. Tlie pebbles, th«^ 
fore, will not admit so mtch s^d between them; 
and consequently one of these glasses will neCessiH 
rily conlaiii more sand than the other, though both 
of tiiem be equally full. 

This I understand perfectly. The marbles and 
the pebbles r^resent two tudies of differs t kinds, 
and the sand the caloric Gontained in them; an^ 
a a 
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it appears very plain, from diia comparisOD, tbat 
one body may admit of more caliwic between Hs 
partidee than anotho'. 

KKS. a. 

Yon can no longer be snrpriBed, tberefbrcy Aat 
bodies of a difierent capsc% for caloric should 
require different proportknu of that fiuid to rain 
tli«r tatq>eratnret equally. 

XMUT. 

But I do not concave nhy the body that con- 
tains the most caloric should not be of the highest 
temperatnre; that k to say, feel hot in proportion 
to the quantity of caloric it contains. 



The caloric that is employed in filling the capa* 
city of a hodj, is not free caloric ; but is imprisoned 
as it were in the body, and is therefore impercepti- 
ble : fiv we can fed only the caloric which the body 
parti with, and not that which it retains, 

CAROUSE. 

It appears to me very estraordinaiy that heat 
should be confined in a body in soch a manner as 
te be iinpefceptibl& 
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JS yen Ity 'jaat hand on a hot body, you feel 
only' the cdoric vhich leaves it, and enters your 
hand ; for it is impmeable that yon ahonld be sen- 
sible of that which remainB in the body. Hie 
thermometer, in the some muincr, is affected mily. 
by the free caloric which a body transmits to 
and not at all by that which it does not part with. 

CAROLIflE. 

I b^in to understand it: Iiut I confess that the 
idea of ineensible heat is so new and strange to me, 
ibat it requires some time to render it fomiliar. 

MRS. B. 

Call it insensible caloric, and the difficult will 
appear much less formidable. It is indeed a sort 
of contradiction to call it heat, when it is so 
situated as to be incapable of prodocing that sens*- 
tion. Yet ibis modification of caloric is coramraily 
caUed sPECiric heat. 

CABOLnrE. 

But it certainly would have been more correct to 
have called it specific caloric. 



I do not undersand how the term specific applies 
to this modification of ctdoric? . 

a 4 
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MBS.B.' 

Tt rrni m itimi'thfifrlntirr mnitf ifj trf rnltiTin nMiili 
diffirent specia at bodiM of tbs tome weigtd Ad 
temperature are opaUe of cmitaiintig. This mo- 
dification is also freqaentl; called heat capacif}/, 
a term perhaps preferable, as it expluns better its 
own meaning. 

Voa noTT understand, I suppose^ why the milk- 
and chalk required a longer portion of time thtm 
the lead to raise tb^ temp^nre to tiiat of the 
oren? 

YM: the milk and clialk having a greater ca- 
pacity for caloric than the lead, a greater pro- 
portion of that fluid became insensible in those 
bodies : and the more slowly, therefore, their tem- 
perature was nusecl. 

CAROLINE. 

Qut might not this difference proceed irom the 
diflh«nt conducting powers of heat in these three 
bodies since that whic^ is the best conductor must 
neceuarily attcun the tempenttire the oven 
first? 

MRS. B. 

Very well observed, Caroline. This objection 
would be insurmountable, if we coulil not, by 
reversing the experiment, prove that the mHk, the 
chalk, and the lead, atdndly- absorbed dffiferent 
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^lanlitiM of caloric, md we know that if the dif- 
ferent time they tocJc in heating, proceeded merely 
from their different conducting powers, they would 
each hare aoqnired att eqnal quantity of caloric. 

CABOUNE. 

Certainly. But how can you reverse this expe- 
rimmt? 

uns. B. 

It may be done by cooling the several bodies to 
Uie same degree in an apparatus adapted to re- 
ceive and measure the caloric which they give out. 
Tho^ if you plunge them into three equal quan- 
dtie< of water, each at the game temperature, you 
will be able to judge of the relative quantity of 
caloric which the three bodies contain^, by that, 
which, in cooling, they communicated to their 
respective portions of water: for the same quan- 
tity of caloric which they each absorbed to raise 
their temperature, will abandon ,tliem in lowering 
it; aii<}, OQ examining the three vessels of water, 
you will find the one in which you immersed the. 
lead to be the least heated ; that which held the 
chalk will be the next; and that which conlmned 
.the milk will be heated the most of all. lite 
celebrated Lnroiuer has invented a machine to 
estimate, upon- this principle, the ipecific heat of , 
hodiei in a more perfect manner; but I cannotr 
^ Q 5 
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explain it to j<», till yoa are acgiminM willi(lie> 
next mod^oatioii of caloric. 

EMILT. 

Hie more deme a bodjr is, I suppose the leu u. 
its capaci^ for caloric ? 

Tliii h sot always the case with bodies of d^ 
ferent nature; iroc, for instance, contains more 
specific heat than tin, though it is more dense. 
This seems to show that specific heat does not 
niercly depend upon the interstices between the 
particles; but, probably, also upon some peculiar 
constitution of die bodies, which we do not com- 
prehend. 

But, Mrs. B.,it would appear to nie more proper 
t» compare bodies by measure, rather than by 
•weight, m order to estimate their specific heat. 
Why, for instance, should we not compare pints of 
milk, of chalk, and of lead, rather than pounds of 
those substances ; for equal weights may be com- 
peted of very different quantities ? 

MBS. B. 

Yoa arc mirtakm, my dear : equal wdght mtnt 
contain eqoal quantities of natterj and whennw 
Irish to Inunr what is the rdatm qaanti^ af > 
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caloric, which substances of various kinds nre ca- 
pable of containing untier the same temperature, we 
must compare etjual weights, and not equal bulks, 
of those substances. Bodies of the same weight 
mafundonbtedly be of verj different dimensions ; 
but that does not change their real quantity of 
■n^t«r. A pouod of feathers does not Gontain one 
atom more than a pound of lead. 



r have another Jiniculty to propose. It appears 
to me, ihat if ibe temperature of tlie three bodies 
in the oven did not rise equally, they would never 
reach the same degree : the lead would always 
keep its advantage over the chalk and milk, and 
would, perliaps, be boiling before the others had 
attained the temperature of the ovea. I think yon 
iB^^t as well say that, in. the course of tim^ yon 
and I shall be of the same age ? 

MRS. B. 

Your comparison is not correct, Caroline. As 
soon as the lead reached the temperature of the 
oren, it would remain stationary; for it would then 
ffm out aa mnch heat as it would receive. You 
should recollect that Uie exchange of radiating 
hmt, between two bodies of eqtial temperature, 
ia equal: it would be impossible, tben&r^ Sar 
the lead to accumulate heat after having attained 
G 6 
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the temperature of the oven ; and that of the 
chalk and milk, therefore, would ultimately arrive 
at the same standard. Now I fear that this will 
not hold good with respect to our age^ and tha^ 
as long as I live, I shall never ceue to keep py 
advantage over jou> 

EMILT. 

I think that I have found a comparison lor spe- 
cific heat, which is very applicable' Suppose that 
two men of equal weight and bulk, but who 
required dilFerent quantities of food to satisfy their 
appetites, sit down to dinner, both equally hungry; 
the one wtmld consome a much greater quantity 
oi prorinbnB than the other, in order to be equally 
satisfied. 

URS. IB. 

Ves, that is veiy ; for the qaanti^ of fiKid 
necessary to satisfy their respective appetites, varies 
in the same manner as the quand^ of caloric re- 
quisite to raise equally the teinperatnre of difiercait 

EMILT. 

The thermometer, then, afibrds no indication of 
the spedfic heat of bodies. 

UBS. B. 

I^one at all: no more tiban sstiety is a tested 
the quantity of food eaten. The thermometsr, at 
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I have repeatedly saEdf ean lie tfiected only by free 
odoric, «4ihA alone num tbe temperature of 
bodies. 

But there ia another mode of proving tbe exut- 
ence of specific h»t, which affords a very satia- 
factory illustration of that modification. This, 
however, I did not enlarge upon before, as I 
thought it might appear to you rather complicated. 
— If you mix two fluids of different temperatures, 
let UB say the one at 50 degrees, and the other at 
100 degrees, of what temperature do you suppose- 
the mixture will he ? 



It will be, no doubt, thei medium between the 
two, that is to say, 75 degrees. 



That will l)u die clisc if the two bodies happen 
to have tiie ^amc capacity Ibr caloric; but if not, a 
di&rent result will be obtained. Thus, for in- 
stance, if you mix together a pound of mercury, 
heated at 50 degrees, and a pound of water heated 
at 100 degrees, the temperature of the mixture, 
instead of being 75 degrees, will be 80 degrees; so 
that the water will have lost only 12 degrees, whilst 
the mercury will have gained 3S degrees; from 
whink you will conclude that the capaci^ of mer-: 
•ury few heat i> Ua» than that of water.. 
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CABOUMK. 

Iironder tbat tnerany flhonld have so Sttle ^e-- 
cific heat. Did we not see it was a much better 

conductor of heat than water ? 



And it is precisely on that account that its spe- 
cific heat is kss. For since the conductive power 
of bodies depends, as we have observed before, on 
their readiness to receive lieat and part with it, it 
is natural to expect that those bodies which are the 
worat conductors should absorb the moat caloric 
before they arc disposed to part with it to other 
bodies. But let us now proceed to latent heat. 

CAROLINE. 

And pray what kind of heat is that ? 



It is another modification of combined caloric, 
which is so analogous to specific heat, that most 
chemists make no distinction between them ; but 
Mr. Pictet, in his Essay on Fire, has so clearly 
diaraiminated tbem, that I am iodaoBd to adopt 
his view of the Bnligect. We tberefitre call latent 
Amrf that portion of insHiable caloric which is ani- 
ployed in dbangii^ the state of bodiei; tbatis^ttf 
tsft in comerth^ xdids into iiqaids^ or liquids 
into vapour. When a body cluuiges its state ihna 
2 • 
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solid to liquid, or from Hquid to vapour, its expan- 
sion occasions a sudden and considerable increase 
of capacity for heat, in consequence of whicb it 
immediately atMorbs a quantity of caloric, wliich 
IwcomeE fixed in tlie body ittiBBtraDsfbraied; and, 
as it i« perfectly concealed from out leiues, it has 
obtahied the name of /itfenf heat. 

CAKOLIME. 

I think it would be mucli more correct to call 
this modification latent caloric instead of latent 
hea^ nnce it does not exdte the sauation of heat. 

Una. B. 

This modification of heat was diecovered and 
named by Dr. Black long before the French che- 
mists introduced the term caloric, and we must 
not presume to change it, as it is stili used by much 
better chemists than ourselves. Besides, you are 
rot to suppose that the nature of heat is allered 
by being variously modifiod : lor if latent heat 
and specific heat do not excite llie same sensations 
as free caloric, it is owing to their being in a state' 
of confiucmeut, ".liitli prevents them from acting' 
upon our organs; and consequently, as soon ss' 
they are extricated from the body in which th^ 
are iinpriioned, th^ return to tbor state of fima 
cakfliC' 
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But I do not yet clearly see in ivliiit respect 
latent heat diSers from specific heat; for they are 
both of diem imprboned and concealed in bodias. 



Specific heat is that whicii is eniployeil in filling 
the capacity of a body ior caloric, in the stiite in 
which this body actually exists ; while latent heat 
is that which is employed only in etifecting a change 
of state, that is, in converting bodies from s solid 
to a liquid, or from a liquid to an aeriform state. ' 
But I think that, in a general point of view, both 
these modifications might be comprehended under 
the name of heai of capacity, as in both cusos the 
caloric is equally engaged in filling the capacities 

I shall now show you an experiment, which I 
hope will give you a clear idea of what is under- 
stood by latent heat. 

The snow which ;|'oa see in this phial hu been 
cooled by certain chemical means (trbicb I cannot 
well explain to you at present}, to five or de- 
grees belair the fzeepng point, as you will find in-, 
cUcB^ by the thermom^er which is placed in it. 
We vhfll expose it to the heat of a lainpx and yon, 
will the thermometer gradually rise^ till it, 

reaches the freeing point 

3* 
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But there it stops Mrs. B., and yet tlie laup 
burns juet as well as before. Why is not itt but! 
communicaied to thethermometer? 

CAROLIHE. 

And the snow be^ns to melt, therefore it must 
be tMag above the freealng point? 

The heat no longer afTects the thermometer, be- 
cause It is wholly employed in converting the ice 
into water. As tiie ice melts, the caloric becomes 
latent ill the new-formed liquItJ, and therefore can- 
ijot raise its temperature; and the thermometer 
will consequently remain stationary, till the whole 
or the ice be melted. 

CABOUNS. 

Nov it is all melted, and the thennometer b^ina 
to rise sgwn. 

MBS. B. 

"Becwaee the convertifm of tlie-ioe into wster b^ng 
completed, the caloric do longer become* laUnt ; - 
sadtherefbre the heat iriiieh the water now receives ; 
nises its temperature, as 7<hi find the tbermomttei- 
indicates. 
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EMILY. 

But I do not think that the thermometer riaes 
M qakkly in the water as it did in the ice, previcnis 
to its beginning to nicit, though the lamp burns 
equally well ? 

That a owing to the difli^rent specific heat of ice 
and water. Tlie oqiacity of water for caloric bau^ 
greater than that of ic% more heat is required to 
raise its temperature, and therefore the thermometer 
rises slower in the water than it did in the ice. 

EMILY. 

True; you said that a solid body always in- 
creased its edacity for heat by Incoming fluid; 
and this IB an instance of it. 

MRS. B. 

Yes ; and the latent heat is that which is absorbed 
in consequence of the greater capacity which the 
water lias for heat, in comparison to ice. 

1 must now tell you a curious calculMloo founded 
on thai CO n~i deration. I have b^MV observed to 
you that though the thermometer shows us the 
comparative warmth of bodies, and enables us to 
determine the same point at different limes and 
places, it gives us no idea of the absulutc quantity 
of heat in any body. We cannot tetl how low it 
on^t to M by the privation of all heat, but m 
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attempt has been made to infer it in the following 
manner. It has been found by experiment, that the 
capacity of water for heat, when compared with that 
of ice, is SB 10 to 9; bo that, at the same tempera- 
ture, ice containa one-tenth of caloric less than 
water. By experiment also it is observed, that in 
order to melt ice, there must be added to it ss much 
heat as would, if it did not melt it, raise its terap&- 
raturi! 1 40 lU'greet. This quantity of heat is there- 
fore abioibfd when ihe ice, by being converted 
into water, is made to contain one-ninth more 
caloric than it did before. Therefore 140 degrees 
is a ninth part of the heat contained in ice at SO 
d^ees; and the point of zero, or the absolute pri- 
vation of heat, must consequentlj' be 1260 d^reea 
bdov 32 d^rees. 

lliis mode of investigating so curious a question 
is ingenious, but its correctness is not yet established 
by similar calcuhttion.s for othor bodies. The 
points of absolute cold, indicated by this method in 
various bodies, are very remote from eath other ; it 
b however postibl% that this maj arise tram soine 
imperfection in the experiments. 

CABOUNB. 

It is indeed very inge^ous— but wc tniut now 
attMui to our present experimait. The water 
bei^ to boil, and the thenoometer is again 
Madmaiy. 



UBS. B. 

WdV Camline, it is your turn to eiqilHD the 

CAHOLINE. 

It is wonderfully curious ! The caloric is now 
busy in changing the water into steam, in which it 
hides itself, and becomes insensible. Tliis is 
another example of lateQt heat, producing a change 
of ibrm. At first it ctmTerted a solid body into a 
Bquid, BDd now it turns the liquid iuto vapour 1 

You see, my dear, how easily you have become 
acquainted with these modifications of insensible 
heal^ which at first appeared so unintelligible. If, 
now, we were to reverse these changes, and con- 
dense the vapour into water, and the water into 
icC] the latent heat would re-appear entirdy, la the 
lorm of firee cblotic 

KHII.T. 

' Pfar' do let- na Bee the effect of Utent' IbbA 
tetaming to its free ^ite. 

' BcffdapBTpawofaKowinglbiitweneediun^ly 
coodoct the Taponr iJirougb this tnbe. into thifc vet- 
nl of cold voter, where it will part with its- lat^ 
beat and retain to its liquid 6>nn. 
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Hoff T^ridt^. the Eteam beats t]w wAter! 

That is because it does not mcreljr impart its free 
caloric to tbe water^ but likewise its latent beat. 
This method of faeatang liqddsi has been tonied to 
.tdvantage, in several economical establis)iment|. 
The Bteam*Jutcbens, which are getting into such 
-gaieral usci-aie upon the same principle. The 
steam is conveyed through a pipe in a similar man- 
ner, into the several vessels wliich contain the pro- 
viuons to be dressed, where it communicates to 
-them its latent cak>riC| and returns to the state of 
■vaber. Connt Bwuford makes great use of this 
-^iinti{^'in many of Us fiie^plsces: his grand 
-mawm is to avoid all unnecessary vraste tif caloric, 
for which purpose he confines the heat in such a 
manner, that not a particle of it shall unnecessarily 
escape; and while he economises llie free caloric, 
he lakes care also to turn the latent licat to iidvan- 
■ tage. It is thus that be is enabled to pmdncc a 
degree of heat superior to that ivhicli oblainci! in 
common fire-places, though he employs less fuel. 



When the advantages of such contrivances are 
so dear and plain, I cannot understand why ibey 
are not nmTersally used. 
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A long time is altrays required before inno- 
vstions, however useful, can be reconciled with the 
prejudices of the Tulgar. 

SHUT. 

"What a pity it is that th»e ahould be a prejo- 
dice against new iaventtons; bow much more 
rapidly the world would improve if such usdnl 
discoveries were immediatel; and TmirenaUf 
bdt^tedl 

MRS. B. 

I believe, my dear, that there are as many norel- 
Ues attempted to be introduced, the sdopdon of 
which would be prejudldal to society, as there are 
of those which would be benefidal to it. Hie 
well-informed, though by no means exempt from 
error, have an unquestionable advantage over the 
illiterab^ in judging what is likely or not to prove 
serviceable ; and therefore we find the former more 
ready to adopt each discoveries as promise to be 
really advantageous, than the latter, who, having 
no other test of the valne of a novelty but time and 
experience at first oppose its introdwAioit. The 
weD^nibrmed, however, are frequently disa^^imnted 
in ttuar most sanguine expectadtms, and the pr^ 
judices of the Tnlgar, though Ib^ often retard the 
Tpioffxu of knowledge^ yet ■ometime^ it most be 



Rdmitted, prevent the propagation of error. — But 
we ore deviating from our subject. 

"We have converted steam into water, aikl are 
now to change water into ice, in order to raider 
the latent beat sensible, as it escapes from the water 
on its bscouing solid. For this purpose we must 
produce a degree of cold Uiat will make water 

cabolimS. 

Hat must be very difficult to accomplish in this 
warm room. 

MBS. B. 

Not SO much as yon think. There are certain 
chemical mixtures which produce a rapid change 
from the solid to the fluid state, or the reverse, in 
the substances combined, in consequence of which 
change latent heat is either extricated or absorbed. 

1 do not quite understand you. 

This snow and salt, which yoH see me mix toge- 
ther, are melting rapidly ; heat therefore must be 
absoHMd by the mixture, and cold produced. 

CAROLINE. 

It &els ev^ colder than ic^'and yet the snow is 
melted. . This u very extraordinary. 
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The canse of the iataue coM cf ' Aa mixtareis 
M be attributed to ^ chuige of a K^d to a fluid 
Etate. The union of the snow. and salt produoata 

new arrangement of their particles, in consequence 
of which they become liquid; and the quantity of 
caloric, required to efibcC this change, is Hized 
upon by the mixture wherever it can be obtained. 
This eagcriio.si of ihc mixture for caloric, during 
its liquefaction, is sucli, thnt it converts part of its 
own free caloric into latent heat, and it is thus that 
its temperature is lowered. 

Whatever you put iu thia jnixtur^ theiefiire, 
.wfwld freeze ? , 

MRS. B. 

Yes; at least any fluid that is susceptible of 
freezing at that temperature. 1 have prepared this 
mixture of salt and snow for the purpose of freezing 
the water from which you are desirous of seeing the 
latent beat escape. I have put a thermometer in 
the glass of water that is to be&deoipU ocderlhat 
you may see how it cools. i 

CAROLINE. 

The thermometer descends, hut the heat which 
.thewater.ia nowlosi&gi ia itajree, not its latetU 
beat ' : 
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HBS. B. 

C&tmily ; it does not parf with its hieat beat 
tOl it chsngn its state and is cwTWted into.ice. 

EVILT. 

But here is a \erj g x tr a ordinaiy drcumitance t 
Tke thermometer has &U«i below the frecrang 
pcant, and yet the water is not frozen. 

'niat is always the case previous to the ireezing 
of wft(«r when it u in a atatd of rest. Now it be- 
gins toconge^and you may observe that the thei^ 
mometer again rises to the lieeiing point. 

CAXOLim. 

It »ppem to roe very strange that the thermo^ 
meter should rise the very monient that the water 
freezes ; £or it seems to imply that the waler was 
«{Jder before it froze than when in the act of 
fVeedng. 

It is ;o ; and nftcr our long dissertation on this 
circunistmicc, I did not think it would appear so 
surprising to you. Reflect a little, and I thinlc you 
will discover the reason of it. 

It must no doubt, the extrication of latent 
heat, at the instant the water freezes, which r«iieB 
the tooqierature. 

vol, I. H 
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MRS. B. 

Certainly; and if you now examine the ibermo- 
meter, you will find that its rise was but temporaiy, 
and lasted only dnriug the duengagement of the 
latent heat — now that all the water is frozen it 
falls again, and will continue to hll till the ice and 
mixture are of an equal temperature. 

EMII.Y. 

And can you show us any experiments in which 
liquids, by being mixed, become EoHd, and disen- 
gage latent heat? 

HB8. B. 

I could show you several ; but you are not yet 
suGGciently advanced to understand them well. I 
shall, however, try one, which will afford you a 
striking instance of the fact. The fluid whi^ yoa 
see in this phial consists of a quantity of a certain 
salt called mtrial lime, dissolved in water. Now, 
if I pour into it a few drops of this other fluid, 
called sulpiuric add, the whole, or veiy neariy the 
vhol^ will be instantaneously converted into a wild 

EMILY. 

Howwhite it turns ! I feel the latent heat escap- 
ing ; for the bottle is warm, and tlie fluid is changed 
a (did white substapce like chalk I 
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Tfau IB, mdeed, the most curious eiqierimeDt we 
have seen yet. But pray what is that white TH[i9ar 
which ascends from the mixture? 

HBS. B. 

. You are Qot yet enough of a diemist to under- 
stand tbsL — But take car^ CaioUn^ do not ap 
proadt too near it^ for it has a very pungent «BeU> 

I shall show you another instance similar to that 

of the water, which you observed to become warmer 
as it froze. 1 have in this phial a solution of a salt 
called sulphat of soda or Glauber's salt, made very 
strong, and corked up when it was hot, and kept 
without a^tation till it became cold, as you may 
feel the phial is. Now when I take out the cork 
and let the air iall upon it, (for, being closed when 
boiling there was a vacuum in the u^per pait,) 
observe that the salt will suddenly crystallize.,.. 

CABOLIHE. 

Surpiinng I how beauUfiilly die needlet of salt 
luve riiot through the whole phial I 

MRS.B. 

Yen, it is very remarkable; — but pray do not 
&rget the object of the experiment Feel how 
warm the phial baa become by the conrersion of 
jjart of the Uqidd into a so&d. - 

H2 
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BKILY. 

Quite wsriDi I dedaxe ! tbia ia a most curious 
experitnent of the duengagement of latent heat. 

MAS. B. 

The slaking of lime is another remarkable 
instance of the extrication of latent heat. Have 
you never observed how quick-Ume smokes when 
water is poured upon it, snd how mni^ heat it 
produces? 

CAROLINE. 

Yes; but I do not understand what change of 
state takes place in the lime that occasions its giving 
out latent beat; for the quick-linie, which is solid, 
is (if I recollect right) reduced to powder, by this 
cfiera^on, and is, therefore, ratber expanded than 

MRS. B. 

It is from the water, not the lime, that the latent 
heat is set iree. The water incorporates with, and 
becomes solid in the lime ; in consequence of which 
the heat, which kept it in a liquid state, is disen- 
gaged, and escapes in a sensible form. 

CAROLINE. 

I always thought that the heat originated in the 
lime. It Kana T«iy anage that water, and cold 
water too, dioald contain so much heaL 
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EMILY. 

' After this extrication of caloric, the water must 
txist in a state of ice in the lim^ since it parts with 
the heat whtcfa kept it liqiud. 

Hits. B. 

It cannot properly be called ice, since ice implies 
a degree of cold, at least equal to the jreezing ptoinL 
Yet, as water, in combining with lime, givea out 
more heat than in freezing, it must be in a state of 
Still greater solidity in the lime than it is in the 
form of ice; and you may have observed that it 
does not moisten or liquefy the lime in the smallest 
degree. 

EMILY. 

Bnt, Mrs. B., the smoke that tises is white ; if it 
was only puie caloric wliich escaped, we might 
feel, but could not see it. 

MRS. B. ' 

This white vapour is formed bjr some of the pat^ 
tides of lime, in a state of fine dtuX, wiat^ are car- 
ried off by the caloric. 

EMILY. 

In all changes ofstat^ then, a bod; dther absorbs 
or disengages latent heat? 

H S 
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UKS. B. 

You cannot exactly say absorbs latent heat, a» 
the lieat becomes latent only on being confined in 
the body ; but you may say, generally, that bodies, 
in pasEiDg from a solid to a liquid form, orfrom the 
liquid state to that of vapour, absorb beat; and that 
v^en the reverse takes plac^ beat is disaigaged.* 

BHILX. 

We can now, I dunk, account for the etbv 
boffingi and the watin: fteeang in \aeoa, Ht the 
' Mine leBip«EBtur&-)- 

MBS. B. 

Let me hear hov yon explain it. 

SUILY. 

lie latent heat, which the water gave out in 
freezing was immediately absorbed by the ether, 
during ita conversion into vapour; and therefore, 
' from a latent state m one liquid, it passed into a 
hteot state in fte odiei. 

MRS. B. 

But this only partly accounts for the result of 
the experiment; it remains to be explained why the 
temperature of the ether, while in a state of ebulli- 

' Thunile,ifiiatuiiiTenal,adDUtiofveixlhreBcq^tioilb 
t See page 105. 
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tion, is btwigfat down to the freezing temperature 
of the water*-^!! is because the ether, during its 
evaporation, reduces its own temperature, in the 
SMne proportion as that of the water, by convert- 
ing its free caloric into latent heat : so that, though 
(me liqsid b(»i% and Uie other freezes, their tempe- 
ratures remain in a state of eqoilibr&m. 

EHILT. 

Bat why does not water, as well as ether, reduce 
it! own temperature b; evaporating ? 

MRS. B. 

The fact is, that it does, tliough much less rapidly 
than ether. Thus, for instance, you may oileii 
have observed, in the heat of summer, how much 
any particular spot may be cooled by watering, 
though the water used for that purpose be as warm 
as the air itself. Indeed so much cold may be pro- 
duced by the mere evaporaUon of water, diat the 
iahatntants of India, by araling themsdves of the 
most favourable circumstances for this process 
which their warm climate can afford, namely, the 
cool of the night, and situations most exposed 
to the night breeze, succeed in causing water to 
freeze, though the temperature of the air be as high 
as SO degrees. The water is put into shallow 
earthen trays, so as to expose an extensive sur&ce 
to the process of evaporation, and in the morning, 
u 4 
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tbewater ia finind covered with a thin cake of ioa^ 
wbidi is eoDected in sufficient quantity to be used 
for purposes of luxury. 

CAROLINE. 

Howdeliciotu it must be to drink liquids so cold 
in those tropictl cUmntes I But, Mrs. B.,conldwe 
not try that experiment? 

URB. B. 

If we were in the country, I hare no doubt but 
drat we should be able to freeze water, by the same 
means, and under similar circumstances. But we 
can do it immediately, upon a small scale, in this 
very room, in which the thermometer stands at 70 
degrees. For this purpose we need only place 
some water in a litde cup under die receiver of 
the ur-pnmp {IPlaxbV. fig. !•), and exhaust the 
air from it. What will be the consequence, 
Caroline? 

Of course the water will evaporate more quicHyi 
since there will no longer be auy atmospheic pi«»- 
sure on its surface: but will this be sufficient to 
make the water freeze ? 

Probably not, because the vapour will not be 
carried oif fast enough ; but this will be nccom- 
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plished without difficulty if we introduce into the 
receiver (fig. 1.), in a saucer, or other large shallow 
vessel} some strong sulphuric acid, a substance 
which has a great attraction for water, whether in 
the form of vapour, or tn the liquid state. This 
attraction is such that the add will instantly absorb 
the moisture as it rises from the Water, so ss to 
make room fiir the formatioa of fresh vapoar; this 
will of course hasten the process, and the cold pro- 
duced from the rapid evaporation of the water, 
will, in a few mtnntes, be snfflcient to freeze its 
snr&ce.* We diall now exhaust the air from the 
receiTer. 

EMILY. 

Hiousands of small babbles already arise through 
the water from the internal sur&ce of the cupt 
what is the reason of this? 

MRS. a. 

These are bubbles of air which were partly 
attached to the vessel, and partly diffused in the 
water itself; and they expand and rise ia con- 
ssqnence of the atmospheric preBsure being t»- 
Bioved> 

CAROURB. 

See, 'Mrs. B.; the thermometer m the cup k 

* Thu ezpoiniGnt was first deviled bjiMr. Iieafie, and Iras 
■ince bMnMo^ediB ■ variety of fatim. 

H E 
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Mdag fint; it has ilnady descended to 40 de- 

SmLT. 

. The wato seems now and then violently 
tated on the snrlace, as if it were boiling; and jet 
the thermometer is descending fast ! 

MRS. B. 

You nu^ call it boiling, if you please, for this 
ippeaiance is, as well as boiling, owing to the 
n^iid formatibn of T^KKir; but herf^ as yon hare 
jDst <£serredi it takes place Gram the surface, ibr 
it is only when heat is applied to the bottom of the 
veuel that the vapour is^tnned therck— Now crystals 
o£ ice are actually shooting all over the sur&ce of 
llie water. 

CAROLINE. 

How beautiful it is ! Tlie surface is now en- 
tirely ftozen, — but the thermometer remains at 32 
dfjgrees. 

MRS. B. 

And so it triU, conformably witli our doctrine 
of latent hea^ nntil the whole of the water is 
frozen; but it wiQ then again b^n to descend 
lower and lower, in consequence of the evaporadon 
which goes on from the surface of the ice. 



This is a most intepesting experiment; but it 

a* 



cmmaiao eamae, ISS 

would be stilt move atrlkfaig if no sulphuric acid 
wMerectuired. 

MBS.B. 

I wiB Aow you a finering inrtnunent, contriTcd 
by J>r. Wollaston, upon the same principle as 
Mr. Leslie's experiment, hy which water may be 
frozen by its own evaporation alone, without the 
assistance of sulphuric acid. 

This tube, which, as you see (Plate V. fig. 2.), 
is terminated at each extremily by a bulb, one of 
which is half full of water, is internally perfectly 
exhausted of air ; the consequence of this is, that 
tl;e water in the bulb ia altta^ mucli disposed to 
cva|)orate. This evaparation, liowever, does not 
proccwl sufficiently fast to fireeze the water; butJt 
the empty ball be cooled by some arti^cial means, 
so as t» condense quickly the vapour wliich rises 
from the water, the process may be thus so much 
promoted as to cause the water to freeze in the 
other balL Dr. Woliaston has called this ins tra- 
in enC Gyophona. 

OAftOUHI. 

So that cold seems to per&rm here tba lune 
part which the sulphuric acid acted in Ml^ Leslie 
experiment? 



Exactly so; but let us try the experiment 
u 6 



EMILY. 

How trill yon coctl tbe imtnuiMnt? Yoo hme 
Mither ke nor mow. 

XB8. B- 

True; but we have other means of efiecting 
this. * You recollect what an intense cold can 
he produced by the evaporation of ether in an 
exhausted receiver. We shall inclose the bulb in 
this little bag of fine flannel (Plate V. fig. 3.), then 
soak it in ether, and introduce it into the receiver 
of the air-pump. (fig. 5.) For this purpose we shall 
find it more convenieut to use a cryophorus of this 
aliBpe (fig. 4.^ aa Ha elongated bttlb pauses easily 
through a bnwa plate which doses the top of tbe 
racnver. If we now edianst the recdver (juickly, 
yon wiU see, in less than a minutCi the water freeae 
in the other bulb, out <^ the recdver. 

KHILT. 

The bulb already looks quite dim, and small 
drops of water are condendng on its Bur&ce. 

CAKOLINE. 

And now crystals of ke shoot all over the water. 
TbU h, indeed, a very curious e:iq>eruamt I 

* Tbh mode nsluiig the experinwnt vm propcned, and 
the pertknbn detnfa4 1? I>r.Hiniet, in the Htb vol. of 
NidKdw^* Jooraal, p. 1 19. 

2* 
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You will sec, some other day, that, by b similar 
method, even quicksilver may be froien. — But we 
cannot at present indulge in any lurther di- 
gression. 

Having advanced so far on the subject of heat, 
I may now o-Lve you an account of the calorime- 
ter, an instrument invented by Lavoisier, upon 
the principles jnst explmned, lor the purpose of 
estimating the specific iient of bodies. It consists 
of a vessel, the inner surface of which is lined 
wiih ice, so as Co torra a sort of hollow globe of ice, 
in the raidst of which the body, whose specific 
heat is to be ascertamed, is placed. The ice 
absorbs caloric from this body, till it has brought 
It down to the lieozing point; this caloric converts 
into water a certain portion of the ice which rani 
out through an aperture at the bottom of tbe 
chine; and the quantity of ice changed to water 
la a teat of the quantity of caloric which the body 
hiw given out in descending front a certain tero- 
perature to the freezing pninb 

(UROLIHE. 

. Tn this i^paratus, I luppos^ the milk) chal&j 
and lead, would melt different quantities of !c^ in 
proportion to their dii&rent capacities for caloric. 

HUB. B. 

Cntainly : and thence we are aide to asceruin, 



with inedHon, AarreKpee&mcapaaiiet fivheab 
But the-calorimeter affinA ns no laan id«a of the 
■faaHofs ^sUitf of beat conbdned io a; bddjr, 
flum-^^ennometer: for thon^ by mauna <tf k 
we extricate both the free and combiiMd eahtict 
yet we extricate them only to a cartain degree, 
whiA Is the freenng point ; and we know not how 
nnch they contain of mther below that point. . 

XHItT. 

According to the tlieory of lat^t heat, it appears 
to me that the weather should be warm when it 
freezes, and cold in a thaw : for latent heat is liber- 
ated from ereiy substance that it freezes, and such 
a large supply of heat must warm the atmosphere ; 
nhiUt, during a thaw, that very quantity of free 
heat must be taken from the atmosphere, and 
return to a latent state in the bodies which it 
thamk 

URS. B. 

Your observation is very natural ; but consider 
that in a frost the atmosphere is so much colder 
than the earth, that all the caloric which it takes 
from the freezing bodies is insufficient to raise its 
temperaturo aborc the freezing point; otherwise 
the frost most cease. But if the quantity of latent 
heat extricated does not deriroy the frost, it serves 
to moderate theeuddmnessof the change of tem- 
perature «f the atmosphere at the connmceMiit 
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both of Irost, and of a thaw. In the first instance, 
its extrication diminishes the severity of the coldj 
and) in the Itriter, its absorption moderates the 
warmth oecadoned hy a thaw: it erea aamediam 
pradvcet a discernible chill, at the breakii^ up of 
afrosL 

CAROLINE. 

But what are the general causes that produce 
those sudden changes in the weather, especially 
from hot to cold, which we often experience ? 



This question would lead us into meteorological 
discussions, to which I am by no means competent. 
One circumstance, however, we can easily under- 
stand. When the air has passed over cold coun- 
tries, it will probably arrive here at a tempraature 
much below our own, and then it must absorb heat 
Irom every object it meets with, which will prodace 
a general ML of tempexature. 

CABOLIHE. 

But pray, now that we know so much of die 
effects of heat, will you inform us whethar it m 
really a distiuct body, or, as I have heard, a peci^ 
liar kind of modoo produced in bodies ? 

HB8.B. 

Ab I befere tddyaot there i> yet much imcer- 
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Udnfy u to the mtnre of tbeie anbtOe agenta. 
Bat I am inclined to consider heat not as mere 
notion, but as. a s^arate substance. Lateexperi- 

mentf;, too, Appear to make it a compoand body, 
consiiitiiig of the two elect ricitit's ; and In our next 
eonversation I shall inform you of the principal 
facts on nhich that opinion is founded. 
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CONVERSATION V. 

OB THE raimrtrAl. AOENC1E8 OIF EUCTUCITX* , 




Before we proceed further it " ill be iieceswirj to 
give you Bonic account of certain properties of eleo 
tzidt^, which have of late years been discovered to 
have an essential connection with the phenomena 
of chemistry. 

It is BLKCTRiciTY, if I recollect right, which 
comednextin our Rst of rample substances? 

MSS. B. 

I have placed electricity in that list, rather from 
the necenity of classing it somewhere, than from 
any conviction that it has a right to that situation ; 
for we are as yet so ignorant of its intimate natare^ 
(hat we are nnable to determine, not only whether 
it it simple or compomid, but whe.ttier it is io fiwt 
a material ^ent; or, as Sir H. Davy has hintedj 
whether it nay not be meidy a property inhvoit 
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in maUar. As, however, it is necessaiy to adopt 
Mxae hypMhens ibr the explanation of the dieco- 
T^iM wliich tbi* agent bag enabled ua to make, I 
hare chosen ifae opinion, at present most preva- 
lent) which suppoBeE the existence of two kinds 
of electricity, distinguisbed by the name otpositive 
Bad negative electricity. 

Well, I must confess, I do not feel nearly so 
interested in a science in which so much uncer- 
tainty prevails, as in tiiose which rest upon estab- 
lished principles. I never was fond of electricity, 
because, however beautiful and curious tbe pheno- 
mena it exhibits may be, tbe theories by whicft 
they were explained, appeared to me so various, so' 
obscure and inadequate, that I always remained 
disaatisfied. I was in hopes that the new disco- 
veries in electricity had thrown so great a h'ght 
on tiia Butgect, that every thing respecting it would 
now have been deariy ez^bined. 



That ia a pomt iriiich we are yet &r fims hav- 
ing tttunad. Bat, in of die imperfection 
of oar dieorie^ yon will be amply npaid by the . 
inqMHtaoca ead noveUy of du nlject. The num- . 
ber.of iww beta wUdi have alr«w^ been racer- . 
tMOfc^ aai dw, jjirr!" pimpect of ^iieit^ery- 
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which has lately been opened to us, will] I hope) 
ultimately lead to a perfect elucidation of this 
braucli of natural science; but at present yog 
..must be contented with itudyiiig the e&ct^ and 
in wme degree expUining the phaDomeno, witb- 
ont aspiring to s precue knowledge <^ the remote 
cause of electricity. 

You have already obtained some notions of elec- 
tricity: in our present conversation, therefore, I 
shall conline myself to that part of the sdence 
which is of late discovery, and is more pardCB' 
iarly connected with chemistry. 

It was a triSing and accidental circumstance 
which first gave rise to this new branch of physi- 
cal science. Galvani, a professor of natural philo- 
sophy at BologoQ, being engaged (about twenty 
years ago) in some experiments on musonlar nri- 
tability, observed, tliat when a piece of metal VM 
laid on the nerve of a frog, recendy dead, whibt 
the limb supplied by that nerve rested upon some 
other metal, the limb suddenly mond, en a eca^ 
munication bemg made between Qm tiro (riece* of 

EMILY. 

Haw h this communication made ? 

MBS. B. 

iSdiMT by bingiag the (wo metal* fatto contact 
<tt by coanectiBg them by m B H of a motallie eoQ- 



Digilized by Google 



16< BU^BOCHBlUST&r. 

(luctor. But without subjecting a frog to any cruel 
espcriaieiits, I can easily make you sensible of this 
kind of electric action. Here is a piece of zinc, 
(one of ihe metals I mentioned in the list of de> 
maitiir; bodies) — pni it under jout toagae, and 
dita piece of .silver u^mr your tongue^ and let both 
die metals project a little beyond the tip ef the 
tonguet — very well; — now make the prqecting 
puts, of the metaU touch each other, and you'viU 
instantly perceive a peculiar sensation. 

EHILT. 

Indeed I did ; a dpgnlor taate* and I think a 
degree of beat; but I can hardly d^ibe it. . 

MM. B. 

The action of these t<vo pieces of metal on the 
tongue is, I believe, precisely similar to that 
miide on the nerve of a frog. I shall not detain 
you by a detailed account of the theory by which 
Galvani attempted lo explain this fact, as it 
was soon overturned by Eubeequent experiments, 
which proved that Gtilvanism (the name this new 
power hod obtained) was nothing more than, dec- 
tridty. Oidvani mpposed- tJiat the virtue of. this 
new' agent resided in the nerves of the frog; bat 
VolU* who prosecuted, thii subject wtdt nmch 
giieater si|C(te«s, shomd tbst the pbeDuaeaii >did 
opt -.djjMid on the. en^oa of Ae ^rog^ bnt. t^on 
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the electrical agency of the metalsi which is extAed 
by the moisture of the animal, the organs of the 
frog being only a delicate test of the presence of 
electric influeoce. 



!, tbea, the saliva uf the mouth ai 
the same purpose as the moisture of the frt^, in 
exciting the electricity of the piecea (tf sitver and 
unc with which Emily tried the experiment on 
her tongue ? 

MRS. B. 

PreciRely. It does not appear, however, neces- 
sary that the fluid used for this purpose should 
be of an animal nature. Water, and adds very 
much diluted by water, are found to be the most 
effectual in promoting the developement of elec- 
tricity in metals ; and, accordingly, the original 
apparutus wliith Volta lirst constructed for this 
purpose, consisted of u pile or succession of plates 
of zinc and copper, each pair of which was con- 
oeeted by. pieces of doth or paper imprff|itated 
«ritfa water ; and this instrutnoit, from its orig^al 
inctxivenient structure and limited etrragth, has 
gradually arrived at its present state of power 
and improvement such as is exhibited' in the 
Volbuc battery. In this apparatus, a qiecimeB 
of whidi yon see before yon (Plate VL flg. 1.^ 
the Tfiatee ^ ainc and COf^ are sddered togethor 
in. paurs, each pair bei^ jdaced at nsgiikr dl»- 
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taneet in wiwdsi) QxMi^ and die iototftcea beidg 
eUed with fluid. 

CAnolIKE. 

Though you will not allow us to inquire into 
the precise cause of electricity, may wc not ask in 
what manner the fluid acts on the metals so as to 

MUS. B. 

The action of the fluid on tlie metals, whether 
water or acid be used, is entirely of a chemical 
nature. But whetlier electricity is excited by this 
diemical action, or whether it is produced by the 
ixmtact of the two metals, a a point upon tvhicli 
phibsophera do not yet perfectly agree. 

XHILT. 

Bnt can the mere contact two metal a, with- 
out any interrening flmd, produce electricity? 

MRS. B. 

Yes, if they are afterwards separated. It is an 
established fact, that when two metals are put in 
contact, and afterwards separated, that wliich has 
the strongest attraction for oxygen exhibits signs 
ef positive, the oth«' of negative electricity. 



It nfnni theo* Irat isafeaidile to infer that the 
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power of the Voltaic .hatter; ^onld arise from-die 
contact of tlie plates of due and ccspper. 

KBS. B. 

It. is upon this prindple that Volta and Sir H. 
Davy explain the phenomena of the pile,' bat not- 
withstanding these t^o g^reat authorities, many 
philosophers entertain doubts on the truth of this 
thecHy. The chief difficulty which occurs in 
expkiniog the phenomena of the Voltaic battery 
on this principle is, tliitt two such pktes show no 
^gns of different states of electricity whilst in con- 
tact, but only on being separated after contact. 
Now, in the Voltaic battery, those plates that 
are in contact always continue so, bdng soldered 
together; and they cannot, therefore, receive a suc- 
cession of charges. Besides, if we consider the 
mere disturbance of the balance of electricity by 
the contact of the plotes, as the sole cause of the 
production of Voltaic electricity, it remains to be 
explained how this disturbed Imlance becomes an 
inexhaustible source of electrical energy, capable 
of pounng forth a constant and copious supply of 
electrical finid, though without any means of 
replenishing itadf firom other sources. This sub- 
ject, it mmt be owned, is involved ip too miwh 
obMuri^ to enable us to qieak vfliy decidedly in 
favour ot any theory. Butj in order to avoid per- 
plesuig yon with different explonaUon^ I ^aQ 



Digitized by 



ELBCCRO'CHEMISTR Y. 



confine myself tu one wliich appears to me to be 
least encuiijbiirid iiitli (lifficuities, and most likely 

This theory iupposes the electricity to be excited 
by the chemical action of the acid on the zinc; bat 
you are yet such novices in chemistry, that I thiak 
it vill be necessary to give you some previous ex- 
planation of the nature of ihh action. 

All nietalB have a strong attrac^on for Mq^^; 
and this element is found in great abnndanc^ both 
in water and in acids. The actibn of the dihited 
add on the one confflsts, thetefbrc^ in its oxygen 
combimi^ with and diin^ving its soTfitce. 

CAItOLIHI. 

In &e same manner, I eiappoBe, as we saw an 
add dissolve copper ? 

MRS. ». 

Yes; but in the Voltaic battery the dilated 
odd is not strong enough to produce so complete 

* Hi!* awdeof ezplmniiig Uw pbenameim of the Voltwc 
^ is called tBe ^lemetd Huori/ of electiicitj, because it 
McribM the cuue of thete phenomena to certain cbcmicsl 
dmBg/» KUdi'takepIace during their appearance, tkt mode 
i* here AeCdKd wm long since su^BSted by Dr. Ba»- 
todc, who hst latel;(l8ls) publbhed " An Account of the 
Wttatj and pre«>t State of GalTaniein }" which contuni a 
flilIvMid more mmplete rtiuemeot *f hU otniiiona, and thoM 
ofotKtfwtilantntlM«il{feeE,th>n any of hi> former pipeij. 
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an efibct; it acts tmly.on the sur&ce of tbe zinc, to 
which it yields its oxygen, forming upon it. a film 
or CTost, which is a compouad of the oxygen and 
the metal. . , , . . ' - 

■ EHILT. ' - ' 
ISnce' there is so strong a chemicnl attraction 
between oxygen and metals, I suppose they are ror-' 
tuiilly in difterent states of electricity. 

MBS. B. 

Yes : it appears that all metals are united with' 
the positive, and that oxygen is the grand stnirce 
of the negative electricity. 

CAROLINE. 

Does not, then, the acid act on tlic plates of 
copper, as wdl as on those of zinc ? 

,MIUI. B. 

No : for thongh copper has an affinity for oxy- 
gen, it is less strong than that of ziBc;*and there- 
fore the energy of the add is only exetted npon 
the zinc. ..... 

It will be best, I bcKeve, in order to render the 
acttm of the V<dtuc baKeTy more intelligible, to 
confine onf attetilj6n at first to the ^flect 'produced 
en two plates only. (Plate VI; fig. , ' ■ > 
■ If a plete of zinc be placed of^iosite tp o^e of 
copper, or any other metal le^ attrsctive of oxy- 

roL. I. I 
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geH) and the space between them (suppose of half 
an inch in thicknesa), be filled with an acid or any 
fluid capable of oxjdating the zintv the oxj^ted 
eur&ce wQl have its o^mci^ foF dectrid^ dimi- 
niahed, so that a quantity .of electrid^ will be 
evolved from that sur&ce. This electridt^ will be 
recdved hy the con^guous ftuid, by which it will 
be transmitted to the opposite metallic eurface, the 
copper, which is not oxydated, and is therefore dis- 
posed to receive it; eo that the copper plate will 
thus become positive, whilst the zinc plate will lie 
ill llie negative state. 

This evolution of electrical fluid, however, will be 
very limited ; for as these two plates admit of but 
veiy Kttle accumnlatkai of «lectridty, and are sup- 
poKd to have no communication with other bodies, 
the action of die acid, and further devdt^ement 
of electric^, will be immediately stopped. 

EMILY. 

Hiis acdtm, I suppose^ can no more continue 
than tbat of a common electrical machine, which 
is not allowed to communicate with other bodies? 

MRS. B. 

Precisely : the common dectiical machine, whan 
ocdtcd by the friction of ibe rubber, ^ves out 
bo^ the poHtive and n^ative electricities. — 
(Plate VI. Fig. 3.) The positive by the rotatioa 
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of tlie glass cylinder, is conveyed into the con- 
ductor, whilst the negative goes into the rubbei'. 
But, unless there is a communication made between 
the rubber and tlie ground, a very inconsiderable 
quantity of electricity can be excited : for the rub- 
ber, like the plates of the battery, has too small a 
capacity to admit of an accumulation of electricity. 
Unless, therefore, the electricity can pass out of 
the mbber, it will not continne to go into it, and, 
conseqnentl}', no additional accumnladon will take 
place. Now, as one kind of electridty cannot be 
given out without the other, the developement of 
the positive electricity u stopped as well as that of ' 
ths negUtve, and the con&ictor, therefore, c&nnot ' 
receive a succession of tiharges. 



But does not the conductor, as well as the rub- 
ber, require a communication with the earth, in 
order to get rid of its electricity ? . . 

MRS. B. 

No : for it is susceptible of receiving and contain- 
ing a considerable quantity of eleciricity, as it is 
much larger than the rubber, and therefore has a 
greater capacity ; and thia continued accDmalation 
of electricity in the coadnctor ig iriiat is cidled a 
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Batwben an electrical machine is furaislied with 
two condoctors to receive the two electricities, I 
Eoppose no communication y'lth the earth is 
required? 

Certainly not, until the two are fully chatted ; 
tor the two conduchws \rill recrire eqn^ qnanUlies 
of electricity. 

CAROLINE. 

I thought the use of the chain had been to con- 
vey the electricity ^oro the ground into the ina- 
chine? 

That was the idea of Dr. IVanklin, who sup- 
poaed that there was but one kind of electricity, and 
whc^ by the terms positive and n^atJve (which he 
first introduced), meant only different quantities of 
the same kind of electricity. The chain was in 
that case supposed to convey elect ricity^nsm the 
ground through the rubber into the conductor. 
But as we have adopted the hypothesis of two 
electiicitiM, we must consider the chain as a vehi- 
cle to coadact the negatiTe dearid^ into the 
eartb. 

And are both kipds produced tAeana: ekc- 
tridty is ezdted ? - 
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Mua, B. 

Yea, innuiably. If yon rnb n tube of ^aas with 
a woollen ekrth, the glass becomes positive, and the 
cloth B^fBtne. If, on the contrary, yon excite a 
stick of sealing-wax by the same means, it is the 
rubber which becomes poMtive, and the wax neg^ 

But with regard to the Voltaic battery, in order 
that the ncid may act freely on the zinc, and the 
two electricities he ^i^'^n o"' without ilitermplion, 
some iTiciliod must be devised, by M-hicli the plates 
may part with tlicir electricities as fait as they 
receive them. — Can you think of any means by 
which this might be effected ? 

■ ' XHILT. 

Would not two c^aina or wH«a, nuftended from 
dther plate to the ground, conduct the electrlddes 
Into the earth, and thus answer the purpose ? 

MBS. B, 

It would answer the purpose of carrying off llie 
electricity, I admit; but recollect, that though it is 
necessary to find a vent for the electricity, yet we 
must not lose it, since it is the power which we are 
endeavouring to obtain. Instead, therefore, of con- 
ducting it into the gnwnd, let ui make the wires, 
-ftbm riAer piaM, meet: the two dectricities will 
thus be bronght tt^ether, and ivill combine and 
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neutralize each other J w^^s long as ttiiscoiniqii^ 
nicBtioD continues, tlie tiro pkteq having & vent for 

their respectise electriciUes, the action oftheacid 

will go on freely and uninlen nptediy. 

Tliat is very clear, so for as two plates only are 
conceraed ; ,ljut I caaoot say I understand how the 
energy of the succession of plates, or rather paira 
of plates, of which the Galvanic trough is composed, 
is propagated and accnmuhued liirougbout a bat- 

■ ■ MBS.B. 

In order to- tihow joa- how the intenuty of the 
electrid^ is increased by increasing the nmnber of 
plates, we will examine the action erf four plates ; if 
you understand these, you will readily comprehend 
that of any number whatever. In this figure 
(Platb VI. Fig. 4.), you will observe that the two 
central plates are united: they are soldci'ed to- 
gether, (as we observed in describing the Voltaic 
trough), so as to form but one plate, which offers 
two different surfaces ; the one of copper, tlie other 
of June. 

How you jecoUeet, (hat, in explaining the action 
of two plates, we supposed that a quantity of elecf 
tricil^ was oyalyed from the « lu'&oe of (he first zinp 
pi)rt% In consequence «it 'the actios of ths add, aai 
■was oOKTqnd.^ tbe ii^Mywed flpid jEo. ^«c}ipfr: 



Digitized by GoOgle 



E&ECTBO-CH EMISTttY. 



175 



plate No. S, which thus became positive. This 
copper plate commiinicates its electricity to the 
contiguous zinc plate No. 3, in which, conse- 
quently, some accumulation of electricity takes 
place. When, therefore, the fluid in the next cell 
acts upon the zinc plate, electricity is extricated 
from it in larger qiumtity, and in a more concen- 
trated form, ^laii before. HiU concentrated alec- 
tricity b again conveyed by the fluid to the next 
pair of plates. No. 4 and 5, when it is further in- 
creased by the action of the fluid in the third ceil, 
nnd so OH) to any number of plates, of ivhicli the 
battery may consist; so that the electrical energy 
will continue to accumulate in proportion to the 
number of doable plates, the first zinc plate of the 
series being the most negative, and the last copper 
|date the most goutive. ' - 



£tnt does the battery become more and more 
strongly <^^ed, merely by being allowed to stand 
un^sturbed ?. 

URS. B. . 

No: for the action will soon stop, as was ex- 
plwned before, unless a vent be given to the accu- 
mulated electricities. This is easily done, however, 
by eslabliahing a communication by means of the 
wires (Fig. 1.), between the two ends of the ba^ 
tery : these being brongbt into contact, tiie two 
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clectridties meet and neutralize each other, pro- 
doc ing tbe Bhock and other efifects of electrid^ : 
and the action goes on with renewed energy, being 
no longer c^tructcd by the accumuktion of the 
two electricities which impeded its progress. 

£MILr. 

I* it the union of the two dectridUesvhicb pro- 
daces the electric spark? 

MRS. B. 

Yes ; and it iS) I believe, this circumstance which 
gave rise to Sir H, Davy's opinion, that caloric may 
be a compound of the two electricities. 

CAROLINE. 

Yet, mrely, caloric is very different from the 
electrical spul? 

KBS. B. 

The difierence may condst, probably, only in 
intensity ; for the heat of tlte electric spark is con- 
siderably more intense, though confined to a very 
minute spot, than any heat we can produce by other 

BUILT. 

. Is it qnite certain that the dectricity aS&e Vol. 
laic battery is preciidy of the came nature as that 
of the cMnmon dectrloal machine? 
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Undoubtedly : the shock given to the hura.ui 
body, the spark, the circumstance of the same sub- 
stances which are conductors of the one being also 
conductors of the other, and of those bodies, such 
as glass and sealing-wax, which are non-conductors 
of tke one, being also non-conductors of the other, 
are abiking proofs of it. Besides, Sir H. Davy 
lias sbown, in his Lectures, that a Leyden jar, and 
a common electric battery, can be charged witit 
^eOxmtjf obtained from a Voltaic battery, the 
efiect produced being perfectly similar to that 
obtained by a common machine. 

Dr. Wollaston has likewise proved that similar 
chemical decompositions are effected by the elec- 
txia machine and by the Voltaic battery ; and has 
'made other experiments which render it highly 
probable, that the origin of both electricities is 
euentisDy the same, as they show that the rubber 
c£ the common electrical machine, Kfce the zinc in 
the Voltaic battery, prodnceB the two eleotiidtieB 
by cmnbimng with oxygen. 

CAXOUNE. 

But I do not see. whence the robber obtains 
oqqpi^ for there is nather acid nor water used 
iiAeqoouiKHi machine; and I always anderstood 
that the electricity was exdted by the friction. 

IS, 



It appears that by friction the rubber obtains 
psygeii from the atmosphere, which is partly com- 
posed of that element. The oxygen combines with 
the amalgam of the niUier, which is of a metallic 
nature mttch in the Bsme way as the oxygen of the 
acid combiner with the zinc in the Voltaic battery, 
and it m thqs that th« two dectri^in are dis^ 
gaged. 

Bnt if tbe -deetricities boA msGUnea aee 
^ilar^ why Bot ma Ae common machine for 

chemical decompositions ? 

MRS. B. 

Though its eilects are similar to those of the 
Voltmc batteiy, thejr are incon^arabljr weak^. 
Indeed Or. WpllafbH^ in mag it for cbnoiod 
dccompoutions, was obliged to , net uptui the most 
minute quantities of matter, and though the result 
was satisfactory in proving the similarity of its 
eflects to those of the Voltaic battery, these eflects 
were too small in extent to be in any considerable 
d^ree spplicable to chemical deconqjosition. 

CAKOUWE. 

How terribly tbm, the iluwk muit -be 
VoU(^ battet]^ unoeitis,»«iadiMi«'po>irarfid' 
than an atoetriari ^lati&wi 

i8 . 
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>Hia.«. 

It is not nearly so formidBble as yoa think ; nt 
least it 18 by no means proportional to the chemical 
effect. The great superiority of the Voltaic battery 
consists in the large quantiiJ/ of electricity that 
passes; but in regard to the rapidity or inlensiii/ of 
the charge, it is greatly surpassed by the common 
electrical machine. It would seem that the shock 
or sensaUon depends chiefly upon the intensity ; 
whilst, on the contrary, for cbemical purposes, it is 
quantity which js required. In ihe.Voltuc bitttety, 
the elecUidty, thongfa «^noua, u so weak as not to 
be able to force its way Arongh the fluid which 
separateB the plates, whilst that of n common 
machine wll! pass throngfa any space of water, 

caholine. 

Would it not be possible to increase the intensity 
of the Voltaic battery till it should equal that of the 
common madiine ? 

UBS. s. 

It can actually be increased till it imitates a weak 
electrical machine, £o as to produce a visible sptu4 
when accumulated in a Leyden jar. But it can 
never be raised sufficiently to pass through any 
considerable extent of air, because of the ready 
commuaieation through the fluids employed. 

By increaung the number of plat« of a battety, 
I 6 



you increase its intensity, idiilst, by enkr^g the 
dimensions of tfae pUtes, you angment its quantity 
and as the superiority of the battery over the ctun^ 
moa mschine connitB entirely in the ^lanti^ of 
dectricity prodace^ it was at first Bapposed that it 
was the size, rather than the number of plates that 
was essential to the augmentation of power. It was, 
bowers, found upon trial, that the quantity of 
electricity produced by the Voltaic battery, even 
when of a very moderate size, was sufficiently copi- 
ous, and that the chief advantage in this apparatus 
was obiained by increasing the intensity, which, 
however, still falls very short of that of the common 
machine. 

I should not omit to mention, that a very 
splendid, and, at the same time, most powerful 
battery, was, a few years ago, constructed under 
the direction of Sir H, Davy, which he repeatedly 
exhibited in his course of electro .chemical lectures. 
It conwsts of two thousand double plates of zinc 
and copper, of six square inches in dimensions, 
arranged in troughs of Wedgwood-ware, each of 
which contains twenty of these plates. The troughs 
are furnished with a ctmtrivance for lifUng the 
plates out of them in a very oKtvenient and. expe- 
ditious manner. * 
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CAROLINE. 

"Weil, now that we understand the nature of the 
ae6oa of the Voltuc battery, I Imsg to hear an 
accoaut of the dienucal ducoveries to wladi it has 

MRS. B. 

You must restrain your impatience, my dear, fur 
I cannot with any propriety introduce the subject 
of these discoveries til] we come to them in the 
regular course of our stndies. There is, however, 
a recent discovery ret^iecting the Voltaic pile, 
whichi plough not immediately connected with 
choniatry, is too cnrions to be passed over in silence. 
It idates to tbs udnence of electricity on magne- 
tim, lately discormd by a Duiish philosopher, 
Mr. Oented. 



What! animal magnetism? I have often 
heard of magnetic tractors; bat I thought ibere 
was no truth in them. 

MRS. B. 

Nor is there; it is only the magnetic needJg to 
which I «llud& You already know something of the 
wonderAdprc^Mrtyof the magnetic needle to direct 
fine of its extrwiities towards the north; and yon 
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msy easily conceive bow iuteretdng any new fact 
relatiiig to this truly mystenoiu og^ mntt bp to 
science. The principal ^et is Ihiis.lf it Vt^taic 
battery be so placed as to have its negative jgoifi 
directed towards the south, and its pfntive one 
towards the north, a communicadon being at 
the same time estatdiBhed over the battery, bc- 
tweoi its two poles, by means of metaUic wires; 
and if a magnetic needle be suspended Just above 
tlie wire, and in a pavaliei direction, the needle will 
immediately move round upon its pivot, its northern 
extremil}' djicciiiig itself loivaRls the west, more or 
Jess, according to the energy of the pile, while, on 
the other band, ii^ the magnetic needle be placed 
helm the V<4tajc conductor, it vill likewise bt^ti 
to move round) but its north pole will, in this cas% 
point towards the east. 



How curious this is! and pray how is this 
singular cfft'Ct explained ? 

MRS, B. 

It is one of the most intricate points of na- 
tural science, and one npon which philosophers can 
yet ofier but Toy uncertain conjectures. Several 
of the moat eniseat suratifio men, however, are 
earnestly «igagcd m invftligirilag the wlgect, sod 
U is to be bt^ed, dut «mm wipMtRiit diseovetj 
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may yet be made. In the mean lime tliev have 
nlready ascertained many cunoua £ict9 illustrative 
of the influence which electricity and masTnetism 
exertupon each other, one ot l!ic most stnking of 
of which is, that, if a steel needle be placed trans- 
verseh^ upon the conductor of a Voltaic pile in 
action, the needle will, in a few seconds become 
magnetic, so as to be capable of attracting and re- 
pelling iron like magnets. Or if auy portitm of 
the conducting wire be turned into a spiral, asd 
a needle laid within its coils, but so aa luM to 
touch them, it will immediately become magnetic, 
as I shall easily show you the first time we set 
the Voltaic pile in action ; for it is now too much 
exhausted to produce the effects in question. We 
shall therefore here terminate this conversation, 
whidi hoB been already nifficiently long and 
difficult. 
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CONVERSATION VI. 
ON oxraBtr and HmtoGEK. 




To-sat we iliall exomiBe die dbemieal pn^iertieB 

of the AWtMPHEBZ. 

CAROLTJIE. 

I dioiigfct tlist we were first to learn the nature ■ 
OzTGXir, whidi comes next in our table of 
airople bodies? 

MRS. B. 

And so you shall ; tbe atmosphere being com- 
poeed of two principles, Oxyoks and Nitrogeit, 
we shall proceed to analyse it, and coonder ha 
CMnponent parti s^aratelj. 

XMU-T. 

I alvagw thongfat that the atmosphere had been 
a Tei7 cranpliCBted fluid, composed of all the 
varie^ (tf exhalations from the earth. 

Socb mbstancea mi^ he conndered raAer - as 
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heterogeneous and accidental, than as forming any 
of its component parts; and the proportion they 
bear to the whole mass is quite ioconstdGrable. 

Atmosfherjcai. aib is composed of two gases, 
known by the names of oxtgek qas and hitbosbh 

or AZOTIC OAS. 

XMli.Y. 

Pray wlwt is a fftt? 

MRS. B. 

The name of gas is given to any fluid capable of 
ensting constantly in aa aeriibnn state, under the 
pressure and at the temperature of the atmosphere. 

CAROUNE. 

Is'not water, or any other Bubetanc^ when' eva- 
porated by heat, called gat ? 

MRS. B. 

No, my dear ; vapour is, indeed, an elastic fluid, 
and bears a strong resemblance to a gas ; there are, 
however, several points in wliicli they essentially 
differ, and by which you iiiav -ilways distmguish 
them. Steam, or vapour, owes its elasticity merely 
to a high temperature, which is equal to that of 
boiling water. And it differs from boiling water 
only by being united witit more caloric, which, as 
we before explained, is in a latent state. When 
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Steam is cooled, ic instantly returns to th« tana of 
water ; but air, or gas, has never yet been modereA 
liquid or solid by any degree of cold. 

EMILY. 

Bat does not gas, as well as vapour, owe its elas- 
ticity to caloric ? 

It is the prevailing opinion,; and the difference 
between gas and vapour is thonght to depend on 
the. difierent .manner in which caloric is united 
vnth the basis of these two kinds of elastic fluids. 
Iti vi^onr it !s considered as in a latent state ,- in 
ga% It is supposed to be chemically combined. 

When you speak, then, of the simple bodies 
oxygen r.nd nitrogen, you menu to express those 
substances which are the basis of the two gases ? 

Yes, in strict propriety ; for they can properly 
be called gases only when iirotigbt to an aeriform 
stale. 

CAROLINE. 

In what proportions are they combined in the 
atmosphere ? 

The oxygen gas constitutes a little more than 
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onofifth, and dte sdtrogeD gas a Utile less diaa 
fbur-fiAhs, When s^rated, they axe found to 
possess quatitiee totally dil&rent ihnn each other. 
For oxygen gas is essen^al both to respiration and 
combustion, while neither of these processes can be 
performed in nitrogen gas. 



But if nitrogen gas is unfit for respiration, how 
does it happen that the large proportion of it vhich 
enters into the composition of tlic atmosphere is 
not a great impediment to breathing? 

- MBS. B. 

We should breathe more freely than our lungs 
could bear, if we respired oxygen gas alone. The 
nitrogen is no impediment to respiration, and pro- 
bably, on the contcaryj answers some useful pur- 
pose, though we do not know in what manner it 
acts in that process. 

' EUILY. 

And by what means can the two gases, which 
compose the atmospheric air be separated P 

MBS. B. 

There are many ways of aQBlynDg the atmo- 
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sphere: the two gases may be separated &st 
combnadon. 

EUILT. 

Yon BuipriBe ine I how is it poauble that cam- 
biutic»i should sepsrate them ? 

MI». B. 

I ihoidd previonsly inform yon, that till within 
aTeryfewyean, oxygen was supposed to be the 
onlysunple body naturally combined with negative 
dectridty. ESr H. Davy has since added cblorme 
Bad udine to that number, but they are bodies 
of Toy udeiiot importance. In all the other 
dements the po^dve electricity prevail^ and tbey 
have consequently, all of them, an attraction for 
oxygen. 

CAltOLlHE. 

That surprises me extremely; how then are the 
oomlnaBti<mB of the other bodies performed. If, 
according to your CKphinatitni of chemical attrac- 
tion, bodies are supposed wily to combuie in wtue 
oStiuar opposite states of electrid^ ? 

. HB8. B. 

C<Hnpound bodiei^ in whidi axygea prevails over 
theothercoinpoDeiitpartBrarealwnegad^butAdr 
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negative energy is greater or less in proportion as 
the oxygen predominates. Those compoimdiiato 
wfaich oxygen enters in less proportion than the 
other constituents, are positive, but their positive 
energy is diminished in proportion to the quantity 
of oxygen which enters into their composition. 

Bodies, therefore, ihat are not already com- 
bined with oxygen, will attract if, and, under cer- 
tain eircumstances, will absorb it from the atmo- 
sphere, in which esse the nitrogen gas will remain 
alone, and may thus be obtained in its separate 
BUte. 

CAOOLINE. 

I do not understand how a gas can be absorbed? 

HKS. B. 

It is only the oxygen, or bads of the gas, whidi 
is absorbed ; and the two eleetrid^es escaping, that 
is to say, the negative from the oxygen, the positive 
" from the bumiqg body, unite and produce caloric. 

EMILY, 

And what becomes of this caloric ? 

MRS. B. 

We shall make this piece of dry wood attract 
oxygen from the atmosphere, and you will see 
what becomes of the caloric. 
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CAROLINE. 

You ore joking, Mrs. B.; yoa do not mean to 
ilecompoae the atmosphere with a piece of dry 
stick ? 

Not die whole bod; of the atmosphere certainly ; 
but if we can make this piece of wood attract anj 
quantity of oxygen from it, a proportioual quan- 
tity of abnosphericBl air will be decomposed. 

CAROLINE. 

If wood has so strong an attraction for oxygen,' 
why does it not decompose the atmosphere spon- 
taneously ? 

It is found by experience, that an elevation of 
teniperatHre is required for the commencement of 
the union of the oxygen and the wood. 

This elevation of temperature was formerly , 
thought to be necessaty, in order to diminish the 
cohesive attraction of the wood, and enable tbtt 
oxygen to penetrate and combine with it more 
readily. But since the introduction of the new 
theory of chemical combination, another cause has 
been assigned, and it is now supposed that the 
high temperature, by exalting the electrical ener- 
^et of bodies, and conieqaently their force of 
attraction, facilitates their combination. 
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EMILY. 

IF it is true, that caloric is composed of tlie two 
dectridties, an elevation of temperature most' 
necessarily sngment the electric ener^es of bodies. 

HBS. B. 

I doubt whether that would be a necessary con- 
sequence ; £or, aduuttlng this imposition of calo- 
ric, it is only by its being decomposed tliat elec- 
tricity can be produced. Sir H. Davy, however, 
in his numerous experiments, has found it to be 
an almost iuvariable rule that the ekcti'icRl 
energies of bodies are increased by elevation of 
temperature. 

Wiiat means then shall we employ to raise the 
temperature of the wood, so as to enable it to 
attract oxygen from the atmosphere ? 

Holding it nea): the fire, I should think, would 
uiswer the purpoa& 

MBS. B. 

It may, provided you hold it snffidently close 
to the fire; for a very considerable devation of 
temperatnre is leqtiired. 

C^BOLIHJe. 

It has actually taken fii^; and yet I did not let 
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it tondi die coals, bat I held it so -very dose that 
X sui^joae it caught fire merely fi^ the intenu^ 

of the heat. 

MRS. B. 

Or joii might say, in other words, that the 
caloric which the wood imbibed, so much elevated 
its temperature, and exalted it< electric energy, as 
to enable it to attract oxygen very rapidly from the 
atmosphere. 

EHILT. 

Does the wood abaotfo osjgm while it is burning? 

Yes; :md tlie licat and liglit arc produced by tlic 
union of the two electricities wbicli arc set at liberty, 
in consequence of the oxygen combining with the 

You nstc^ah me I the heat of a burning body 
proceeds then as much from the atmosptiere as 
Inmi the body itiolf ? 

MRS. B. 

It was supposed that the caloric, given out 
during combustion, proceeded, entirely or nearly 
BO, irom the decompoution of the oxygen gas ; but, 
Bccordiog to Su: H. Davy's new 'riew of the sub- 
ject, both die ox^en gac^ and the combnatible 
14, 
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body, easicar in sappt^iBg the heat and light, by 
the union of thor oppoiite electricities. 

I have not yet met with any thing in cheniistiy 
that has surprised or delighted mc so much its this 
explanation of combustion, I was at first wonder- 
ing what connection there could be between the 
alfinitj of a body for oxygen and its combustibihty ; 
but I think 1 understand it now perlectiy. 

HBS. B. 

Combustion, then, you see, is nothing more than 
die rapid combination of a body with oxygen, 
attended by the disaigsgemttit of light and beat. 



But are there no combustible bodies whose 
attraction for oxygen is so strong, that they will 
combine with it, without the apphcation of heat ? 

CAROLINE. 

That cannot be ; otherwise we siiould see bodies 
burning spontaneoui^. 

MRS. B. 

Bat there are some histancea of tiiia kind; soak 
as phqqihoru^ potMoum, and mnne compound 
bodies, which I shall hereafter maltff jrou ae> 

VOL. I. K 
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quainted with. These bodies, however, are pre- 
pared by art, ibr in general, nil the combustions 
that coutd occur spontaneously, at the tempera- 
ture of the atmosphere have already taken place ; 
therefore new combastiona cauiot hftpp«i without 
the teinperatute of the body bong raised. Some 
bodies, hofferer, will bum at a much lower tem- 
perature than others. 

CAROLINE. 

But the common way of burning a body is not 
nerdy to approach it to one already on Gre, but 
-rather to put the one in actual contact with the 
other, as when I burn this piece of paper by hold- 
ing it in the flame of the fire. 

MRS. B. 

The closer it is in contact with the source of 
caloric, the sooner will its temperature be raised to 
the degree necessary for it to burn. If you hold it 
near the fir^ the same efect will be produced; but 
more time will be required, as you found to be tbe 
cue irith the piece of stick. 

EMILY. 

But why is it not necessary to continue applying 
caloric throughout the process of combustion, in 
order to keep the electric energy of the wood, 
which is tequiied to enable it to combine with tbe 
oxjigat? 
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MRS. B. 

The caloric which is gradually produced by the 
two electricities during combustion, keeps up the 
temperatore of the banung body ; ao that vhen 
once combnstion has b^guui no further ^^Ucadon 
of caloric is required. 

CAKOLIME. 

Since I have learnt this wonderful theory of 
combustion, I cannot help gazing at the fire ; and 
I can scarcely conceive that the heat and ligh^ 
which I always supposed to proceed entirely from 
the coals, are really produced as much by the 
atmosphere. 

When you blow the fire, you increase the com- 
bnstiw, I suppose, by supplying the coals wiUi a 
greater quantity of oxygen gas? 

MRS. B. 

Certainly; but of course no b!owij)g will pro- 
duce colnLlll^,[ion, unlcsn the tompcralure of the 
coals be Rrbt raised. A single spark, however, is 
sometimes sufficient to produce that effect; for, 
as I said before, when once combustion has com- 
menced, the caloric disengaged is sn£Bcient to 
vate &K temperature of the rest of the body, pni- 
vided that there be a free access of' o^gen. , Jt 
however sometimes htqipens that if a fire be III 
K 2 
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made^ it will be extinguished before all the fuel 
is cQDSumed, from the very circumstance of the 
combustion being so slow that the caloric disen- 
gBged is insaffident to keep Dp th4 temperature 
<^ the luel. You must recollo^ that there are 
three things required in order to produce combus- 
tton ; a combuadble body, oxygen, and a tempe- 
rature at which the one will combine with the 
other. 



You said that combustion was one method oS 
decompoung the atmosphere, and obtaining the 
pilrogeD gas in its simple state j but how do you 
secure this gas, and prevent it from mixing with 
the rest of the atmosphere? 

HKB. B, 

It is necessary for this purpose to bum the body 
within a dose vessel, which' is easily done. — We 
shall introduce a small lighted taper (Plate VIL 
Fig. 1.) under this glass receiver, which stands in 
a bason over water, to prevent all communication 
witlithe external air. 

CAROLINE. 

How' dim the light bum? already I — It is now 
cxtingnished. 
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MRS. B. 

dn you tell m why it is extinguifllied? 

CAROLINE. 

Let me consider. — The receiver was full of 
atmospherical air ; the taper, in burning wifliin it, 
must have combined with the oxygen contained 
in that air, and the caloiic that was disengaged 
produced the light of the taper. But when the 
whole of the oxygen was absorbed, the whole of 
its dectridty was disengaged; consequently no 
more caloric could be produced, the tapa: ceased 
to buTD, Bod the flame was eUinguished. 

HBB. B. 

Yonr explanation is perfectly correct. 



The two constituents of the oxygen gas being 
Urns disposed o^ what remains under the receiver 
must be pure nitrogen gas? 

HBS. B. 

There are some circumstances which prevent 
the nitrogen gas, thus obtained) from being per- 
fecdy pure; but we may easily try whether the 
oxygen has disappeared, by putting another lighted 
laipet under it.— Yon see how instanlaneonsHy the 
6aii>euextiiigniilied}fi)r want of oigrgen to nipply 

K 3 
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the negative electricity .required for the fbrm^on 
of caloric; and were you to put an animal under 
the receiver, it would immediately be suffocated. 
But that is an experiment whidi I do not think 
your ooriosil; will tempt yon to try. 

Certainly not. — But look, Mrs. ihe recdvw 
is inll (tf a thi^ white imAs, Ja that nitrogem 

gas? 

No, my dear; nitrogen gas is perfectly trans- 
parent and invisible, like common air. This cloudi- 
ness proceeds from a wiety of exhalation^ which 
arise from the burning tsger, the nature of which 
yon cannot yet understand. 

„ The water within the recdwr bat now risen a 
little above its lerel in the basin. Vfhat ia 
reaMmof this? 

MRS. B. 

With a moment's reflection, I dare say, you 
wduld have explained it jourself. The water rises 
in consequence of the oxygen gas within it having 
been destroyed, or rather decomposed, by the com- 
binti6n of die taper- 
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CABOLIBE. 

- Then why ^ not Aa water riw imniediatdy 

when the oxygen gas was destroyed ? 

MBS. B. 

Because the heat of the taper, whilst burning 
occadoned ft dilatation of the air io the vessel, and 
a prodoctioD of carbcmic add, which «t first G011117 
' tmcted Uiu efiect. 

Another means of decomposing the atmogpherf 
is the (mfgenfOim of certain metata. This process 
is very aoalogoBs to combustion; it % indeed 
only a more general term to express the combine 
ti(Hi of a body with oxygoi. 

CABOUNX. 

In wh^ respect, then, does it differ from cem- 
biudtHi? 

Hits. B. 

The combinatimi of o^gen in combnadon & 
always accompanied 1^ a disengagement ti light 
and heat, whilst this circumstance is not a neces- 
sary ^Mflseqnence of simple oaygenation. 

Bat how can a bo^ absorb oxygen without die 
eombination of the two deetiidtiee which produce 
oaloric? 

Hua. s. 

Oxygen docs not idways present itself in a 
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gaseous form; it is « constitueDt part of a vast 
number frf^odieS'both solid and liquid, in which it 
^exists in s stat« of greater density than in the atmo- 
sphere; and from these bodies it may he obtained 
without much disengagement of caloric. It may 
likewise, in some cases, be absorbed from the 
atmosphere without any sensible production of light 
and heat ; for, if the process be slow, the caloric 
is disengaged in such small (juanlities, and so gra- 
dually, that it is not capable of producing either 
U^t or heat. In this case the absorption of oxygen 
is t-hHinI laygRtmiion or osydatim, instesd of com- 
bustion, as the producdon of sensible light and faext 
is essential to the latter. 

EMILY. 

I wonder that metals can unite with oxygen; 
for, as they are so dense, their attraction of 
aggr^ation must be very great ; and I should have 
thought tliat oxygen could never have penetrated 
such bodies. 



liar strong attraction for oxygen counter- 
bnlitnceB Aii obstade. Most metals, however, 
nqdre lb be made red-hot before they are capable 
attracliiig oxygpn in any conside^ble qnand^. 
By diis combination tlu; Ine moat of tbeir metal- 
lic pb^ertied and bU into a kind of pcmder. 
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tonamly cslkd calx, but now much more prc^terlj 
termed an thus we hmetxeydt^lead, 
inn, tee. 

BHILT. 

And in the Valtaic batterer, it is, I Boppose, an 
(»Eyd cS nnc, that is formed by the unlofl of the 
oxygen 'with that metal ? 

MBS. B. 

Yes, it is, 

CABOiniE. 

The word cayd, then, dtnply means a metal 
combined with oxygen ? 

MRS. B. 

Yes; but the term is not confined to metalsi 
Uiough chtefiy applied to them. Any body what- 
ever, that has combined with a certun quandty 
of cn^en, either by means oiF oxydation or com- 
bnation, ia called an o^/df and is said to be 
dattd or ox^^etiated. 

Metals, when converted into oxyds, become^ I 
suppose, negative ? 

MRS. B. 

Not in general ; because in most oxyds the 
positive energy of the metal more than counterba- 
lances the native energy the o^gen with which 
it Gomlnnei* 

K 5 
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Tbis black powder is an oxyd of manganese a, 
metal which has so strong an affinity for oxygen^ 
that it attracts that substance from the atmosphere 
at any known lemperatQre : it is therefore never 
found ill its metallic form, but always in that of 
an oxjd, in which state, you see, it hiis very little 
of the appearance of a metal. It is now heavier 
than it wan before oxydatitm, in consequence of the 
additional weight of the oxygen with whidi it has 
comlnned. 

CABOI.INE. 

I-ftm verygladtofaeartbat; for I confess I could 
not hdp having scune doubts whether o^gen was 
really a snbstanc^ as it is not to be (Jitained in a 
■in^le and pa^uUe state; bnt its weight ia, I thjnl^ 
a decinre proof of iu being a real body. 

HBB. B. 

It is easy to estimate its weighty by sqiarathig ft 
fixHn the manganet^ and finding how mnch the. 
latter has hxt. 

But if yon can take the oxygen from the meul, 
ebalL we not thm have it in its palpable ni^^ 
state? 

UB6. B. ' 

Ko; for I can only separate the oxygen from the 
manganese, by presenting to it some other body, 
for which it has a greater affinity than for the man- 



ganese. Caloric oflbrding the two electridties 18 
decomposed, and one of them uniting vith the 
oxygen, restores it to the aeriform state. 

EMILY. 

But you said jusL novr, that manganese would 
attract oxygen from tiie atmosphere in which it is 
combined with the negative electricity; how, there- 
fore, can the oxygen have a superior alHnity for 
that electricity, since it abandons it to combine 
with the manganese ? 

MRS. B. 

I ^Te you credit for this objection) Emily; and 
the only answer I can make to it is, that the mutual 
affinides of metals for oxygen, and of oxygen for 
electricity, vary at different temperatures; a cer- 
tain degree of heat will, therefore, dispose a metal 
to combine with oxygen, whilst, on the contrary, 
the former will be compelled to part with the latter, 
when the teoipeiature is further increased. I 
have put some oxyd of manganese into a retort, 
which is an earthen vessel with a bent neck, 
snch as you see here. (Piate VII, Fig> 2,)— . 
The retort containing the manganese you caoDoC 
ge% SB I have enclosed it in this furnace vbere it 
H now red-hot. But, in order to make you seofi- 
Uo of the CKope of the gas, which is itself invi- 
ubl^ 1 hma connected the neck of the retort vidi 
K6 
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fliis bent iabe, the ntremi^ oF whidi u immaMd 
in thn vessel of water. (Putk VU. Elg. 3.}— 
Do you sqe the babbles of lur rise through the 

wafer ? 



Perfectly. This, then, is pure oxygen gas; what 
m pi^ it should be lost ! Conld you not preserve 
it? 

We shall collect it in this receiver.— For this 
purpose, j'uu observe, 1 first fill it with water, in 
order to exclude the atmospherical air; and then 
place it over the bubbles which issue from the re- 
tort, su as to make them rise through the wBtvto tlie 
i^per part of the receiver. 



Hie bubbles of <ntygen gas rise, I suppose, from 

their specific levity? 

Yes; for though oxygen forms rather a heavy 
gas, it is light compared to water. You see iiow 
it gradually displaces the water from the recdver. 
It is now full of gas, and 1 may leave it inverted in 
yraltet on this shelf, where I can keq> the gas as 
long as I choose, Sot fbtore experiments. This 
Kppmtm (wfait^ is indupensable in ftll experi- 



CAROLINE. 



EMILT. 
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meats in vUeb guea ate GODcemed) k called' a 
WBtei>bath. 

It is a very clever contrivance, indeed; equally 
UDiple aud useful How convenient tlie shelf is 
Sot the receiver to rest upon under water, and the 
in it for the gas to pass into the recdverl 
I long to make some experiments with this apptf 
ntus. 



1 shsU try your skill that way, when you have 
& little more experience. I am now going to show 
you an experiment, whi<^ proves, in a very striking 
manner, bow essential oxygen is to combustion. 
You will see tiiat iron itself will bam in this gas, 
in the most rapid and brilliant manner. 



Really I I did not know that it was possible to 
boniinni. 

EMILY. 

Iron is a simple botly, and you know. Caroling 
that all simple bodies are naturally positive^ and 
therefore, must have an affinity for oxygen. 

BIBS. B. 

Icon will, however, not burn in atmosphmcal 
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air widiont a v«y great dention oT temperature; 
bnt it is ^inently combostible in pure oKjgai 
gu; and what will sarprise you still more, it can 
be Mt on fire without any considerable rise of tem- 
perature. Tou Bee this spiral iron wire. —I iasten 
it at one end to this cork, which ie made to fit an 
opening at the top of theglws-recnver. (Plate VIL, 
Fig. 4.) 

EMILY. 

I we the t^KDUig in the receiver ; but it is care- 
fiilljr closed bjr a ground glaaB-stopper. 

That is in order to prevent the gas from e«c^ 
ing; bnt I shall take out the stopper, and put in 
the cork, to which the wire hangs. — Now I mean 
to burn this wire in the oxygm gax, but I must 
fix a small piece of lighted tinder to the extremity 
of it, in order to give the first impulse to combus- 
tion ; for, however powerful oxygen is in promot- 
ing combustion, you must recuUt^ct that it cannot 
take place without some elevation of temperature. 
1 shall now introduce the wire into the receiver, 
by quickly changing the stoppers. 

CABOLIKC. 

Is diere no danger of the gas escaping while you 
diange tfce ttt^^pen? 

2» 
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Oxygen gas is a lillle heavier tlinn atmospherical 
«r, therefoi'e it will not mix with it very rapidly; 
*iid, If I do not leave the opening uncovered, we 
shall not lose any 

CABOUNE, 

Oh, what a brillinnt and beautiful flame! 



It is ns white and dazzling as the sun I — Now a 
piece of the melted wire drops to the bottom: I 
fear it is extinguished ; bat no, it bums again as 

bright .-..ever. 

It will burn till the wire is entirely consumed, 
provided Ike oxygen is not first expended ; for you 
know it can bam only while there ia oxygea to 
combine with it, 

CAROLIHE. 

I never saw a more beautiful light. My eyes 
can hardly bear it \ How estonishing to think that 
sU this caloric was contained in the small quaati^ 
of gas and iron that was enclosed in the rec«ver; 
and that without produdng any -Tis&le heat ! 

How wonderfully qiuck combustton goes on in 
pure 4»cygen gas I But pray, are these drops of 
burnt inm as heavy as the wire wiu before? 
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They are eren heavier; for the iron, in burning) 
has acquired exactly the weight of the oxygen 
wiuch has disappeared) .and is now combined witJi 
it. Itfaasbacome an oxyd ofiron. 

CABOUHE. 

I do not know what yon mean by Baying that the 
oxygen has dtti^pearedt VLxt. B., fi>r it was always 
invi«ble. 

MRS. B. 

True, my dear; the expression was incorrect. 
But though you could not see the oxygen gas, I 
believe you had no doubt of its presence, as the 
efiect it produced on the wire was suffidently 
evidoit. 

CABOLINK. 

Yes, indeed ; yet you know it was the caloric, 
and not the tnygen gas itselfi that dazzled nt bo 
much. 

MRS. B. 

You are not quite correct in jour turn, in saying 
the caloric dazzled you; for caloric is invisible; it 
affects only the sense of feeling ; it was the light 
whieh dazzled you. 

CAROLINE. 

True; but light and caloric are such constant 
companions, that it is difficult to separate them, 
even in idea. 
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MRS, B. 

The easier it is to confound tbem, the more 
careful you should be in tntiking the distinction. 

But why has the water now risen, and fijied 
part of the receiver ? 

uits. B. 

Indeed, CBroline, I did not suppose you would 
have asked such a question ! I dare say, Emily* 
you can answer it. 

UKfLT. 

Let me reflect I'he oxygen has com- 

bined with the wire ; the caloric has escaped ; Coo- 
aequectly nothing can remain in the receiver, and 
the water will rise to fill the vHCiium. 

1 wonder that I did not think of that. 1 wish 
that we had weighed the wire and the oxvgcii gas 
before combustion ; wc might then liiivo luiiiid 
'whether the weight of the oxyd was equal lo tliat 
of both. 

MRS. D. 

Yon might try the experiment if you particularly 
Wtthedit; but lean assure you, that, if accurately 
perfimned, it never fails to show that the addi- 
tional weight of the oxyd is precisely equal to that 
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of the oxygen atworfoed, whether the process has 
bent a kbI combuation, or ft dn^ls oxygeautkn. 

CAROLINE. 

But this cniinot l)o tlic case with coiiibustions in 
general ; for when any substance Is burnt in the 
common air, so fat from increauog in weight, it is 
evidently dinunished, and sometimes oitirely con- 
sumed. 



But wliat do jou mean by the expression com- 
sumed ? You cannot suppose that tlic smallest par- 
ticle of any eubstanic in ULiluri; can be actually 
destroyed. A eomiioiind liody is decomposed by 
combustion ; some of its constituent parts fly off is 
a gaseous form, while othtars remain in a concrete 
state ; the former arc called the volaiile, the lottsr 
the^ed prodtjcts of combiiiiion. 3iit if wecoUact 
the whale of them, we shall always find that iHuf 
exceed the weight of the oombiutible body, h; ifaal 
of the oxygen which ha* cooibiiied with Aetn 
during combusUon. 

«HII.T. ■ ■ 

In the combuBtion of a coal fire, tben, I suppose 
that the a^as are' what would be called the fixed 
product and the smoke the volatile produa ? 
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MKS. B. 

Yet when the fire bums best, and the quantity 
of volatile products should be ibe greatest, there is 
no imoke ; how can account for that ? 

EHILT. 

Indeed I cannot ; therefore I suppose that I was 
not rig^t in conjecture. 

Not quite ; ashes, as yon supposed, are a fixed 
prodnct of combnttion ; but smokt^ properly speak- 
ing, ia not one of the Tolatile products, as it con- 
siats of some minute undecomposed particles of the 
coals which are carried off by the heated air without 
being burnt, and are either depiisited in the form 
of soot, or dispersed by the wind, Smoke, there- 
fore, ultimately becomes one uf the ^xed proiiucls 
of combustion. And you mny ensily i:i>iLceive that 
the stronger tlie fire ii, llie [iv-s ^moke is produced, 
because the lewer particles fMiipe ciiml-usiiiui. On 
this principle depends the invention ol Argnnd's 
Patent Lamps ; a current of air i ^ miuie lo pass 
through the cylindrical wick of the tamp, by which 
means it is so plentifully supplied with oxygen, that 
scucely R particle of oil Mcapea combustion, .nor 
Is there mj imoke prodneed. 

EHILT. 

Bat what then are the volatile products of com* 
busdoo? 
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UBS. B. 

Various new compounds, with which you are 
not yet acquainted, and which being converted by 
caloric either into vapour or gea, are inviuUe; 
but tbey can be collected, and we ahaU exunine 
them at some fature period. 

CASDUMX. 

lliere are then othw gasei, beudes tlie oxygen 
sud nitra^ai gasei. 

Mas. B. 

Yes, several ; any substance that can assume and 
maintain the form of an elastic fluid at the tempe- 
rature of the atmosphere, is called a gas. We 
shall examine the several gases in their respective 
places : but wc ir.uat now confine our attention to 
those which compose the atjiiosphere. 

I shall show you another method of decompoB- 
ing the atmosphov, which ia very ample. la 
Iveadiing we retain a portion of the oxygea, and 
expire the lutrogen gas; bo that if we breathe in 
a dosed vessel, fer a cerbun laigth of tia^ tlw 
air within it will be deprived c£ its oxygm gas. 
Which of yon will make the experiment ? 

CAROLIHE. 

J ^Mmld be glad to tt; it. 
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' Vay well ; breathe several times dirough this 
glass tube into the receiver with which it is con- 
nected, until jQtt feel that j'oar breath is ex- 
faansted. 



I am quite out of breath already ! 

Now let us try tlie gns willi a lighted taper 



It is very pure nitrogen gas, for the taper ia 
immediately extinguished. 

Tliat is not a proof of its being pure, but only 
of the absence of oxygai, a* it i« that principle 
alone whicli can produce combnatioDt, every other 

gas being absolutely iocapahle of it> 

In the methods which you have shown us, for 
decomposing the atmosphere, the oxygen always 
abandons the nitrogen ; but is there no way of 
taking the oitrogen ftoffi the oxygen, so as to 
fibtun the latter pure from, the atmosphere? 



Yon must observe that whenever oz^n : 
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taken from the atmosphere, it is by decomposing 
the oxygen gas ; we cannot do the same with die 
nitrogen gas, because nitrogeci lias a stronger 
affinity for caloric than for any other known prin- 
ciple: it appears impos^sible ihcrefore to separate 
it from the atniosphere by ihe power of affinities. 
But if we eunnot obtain the oxygen gas, by ibis 
means, in its separate stat^ we have no difficulty 
(as yon have seen} to procure it ia its gaseous 
form, by taking it from those substances that have 
absorbed it from the atmosphere as we did with 
the axyd of mangBnes& 

KUILT. 

Can atmo^berical air be recomposed, by mix* 
ing dne proportions oxygen and -nitrogen 
gases? 

MRS. B. 

Yes ; if about one part of oxygen ga^ be mixed 
with about four parts of nitrogen ga% atmosphe- 
rical air is produced. * 

KMILt. 

The air, then, must be an oxyd of nitrogen? 

MBS. B. 

No, my dear; for it requires a chemical coid- 

• The prqiorthia oFiMfiai in the atmoqtoe nriei InHn 
31 Id 9S ptfCCMi 
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bination between oxygen and nitrogen in order 
to produce aa oxyd: whilst in the atmosphere 
tbese two substances are separately combined with 
caloric, forming two distinct gases, which are simply 
mixed in the fimuation of the atmoaphere. 

I shall aay nothing more of oxfgm and nitn^jea 
at present, aa we shall cotdinnally hare occasion 
to refer to them in our future conversations. They 
are both very abundant in nature i nitrc^en is the 
most plentiful in the atmosphere, and exists also in 
all animal substances; osygen forms a constituent 
part, both of the animal and vegetable kingdoms, 
from which it may be obtained by a variety of che- 
mical means. But it is now time to conclude our 
lesson. 1 am a&aid you have learnt more to-dl^ 
than you will jbe able to remember. 

CAltOLtNE. 

I assure you that 1 have been too much interested 
in it, ever to forget it. In regard to nitrogen there 
seems to be but little to remember j it makes s vtscy 
inngnificant figure in comparison to eatjg^ 
although it composes a much larger portion of the 
atmosphere. 



Perhaps this insignificance you complain of may 
arise from the componnd nature of nitrogen, fi>r 
thon^ I have hitherto ccNisidered it as a aiii^ 
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body, because it is not known in any natural pro- 
cess to be decomposed, yet fi-om some experiments 
of Sir H.Davy, there appears lo be reason for sus- 
pecting tliat nitrogen is a compound body, as we 
sliall see afterwards. But even in its simple state, 
it will not appear so insignificant when you are 
I better acquainted witfa it; for tbough itieems tp 
perform but H passive part in the atmospbere, and 
has no very atriking prapertiee, when cmndered 
in its eepATate Btstc^ yet you will see by-and-bye 
vbat B very important agent it become^ wbea 
combined vii& other bodies;. Bat no mora of this 
at present ; we mast reaerre it for its proper place. 
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, CjUiolime. 
The next simple bodies we come to are cblobihi^ 
and loniJiE. Pray what kinds of snbstaiices are 
liuxe ; are tbey also invi^de ? 

MKS. B. 

No; for chlorinev in the state of gas, has a dis- 
tinct greenish colour, and is therefore viuUe ; and 
iodin^ in the same state, has a beautiful claret-red 
colour. Theie bodies, I have nlready inrormcd 
you, ate like oxygen endowed with the negative 
electricity; but the explanntion of thcii- properties, 
imply various considerntionp, which yoii wotili! 
not yd be able to iiinlci-staiiil ; wc shall therefore 
defer ihi lr ox-imiuaiioii Id some future conversation, 
and »e shall pass on to the next simple substance, 
Hydrogen, which we cannot, any more than 
oxygen, obtain in a visible or palpable form. We 
are acquainted with it only in its gaseous slate, as 
we are with oxygen aniJ nitroi^en. 

But in its ga^us slate it cannot be called a 
TOL. r. L 
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ample substance nnce it is comtuned with heat and 
elecdidt]^? ' 



True, my dear ; but as we do not know in na- 
tnre of any substance which is not more or less 
combined vith caloric and electricity, we are apt 
to say that a sabstance is in its pure state when 
combined mth thoEe agents only. 

Hydrogen was Jbnnerly called it^lanmalie anv 
as it is extremely combustible, and burns with a 
great flame. Since the invention of the new no- 
menclature) it has obtained the name of hydrogen, 
which Is derived from two Oredc words, die meui- 
ing of which is to produce water. 

XHILY. 

And how does hydrc^en produce water ? 

MRS, B. 

By its combustion. Water is composed of 89 
parts, by weight, of oxygen, combined with 1 1 
parts of hydrogen; or of two parts, by bulk of 
hydn^en gas, to one port of o^gen gas. 

CAROLIKB. 

Really ! ii it possible that water should be a 
combination of two gases, and that one of these 
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should be inflammable tdi; I Hjrdrogea moat be a - 
most exti aordtnary gas that will produce both fira. 

and water. 

But I tbougbt you said tliat combus^rai could 
take place in no gas but oxygen ? 

MRS. B. ' 

Do you recollect what the process of combustion' 
consists in? 

In the combination of a body with oxygen, with 
diaoigageroent of light tmd hnt 

MBS. B. 

Therefore when I say that hydrogen is com- 
bustible, I me.in that it bns an alHnity for oxygen ; 
but, like all other combustible substances, it cannot 
bum unless supplied with oxygen, and also heated 
to B proper teropmtnre. 

CABOLIME. 

■ The simply mixing 1 1 parts of hydrogen, with 
89 parts of oxygen gas, will no^ theFefbr% prodnce 
water? 

• MBS. B. 

Mo; mter being a mucb denser flnidHhaiigaaes, 
in order to reduce these gases to a liquid^ it is 

1.3 
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necevu; to dimiDi^ the quantity oF caloric or 
decHtcily wbidi maintainB them in an elastic Ibrni. 

That I should think might be done by com- 
bining the oxygen and hydrogen together; for in 
combining they would give out their respective 
electricitiea in the form of caloric, and by this 
means would be condensed. 



But you forget, Emily, that in order to make 
the oxygen and hydrogen combine, you must begin 
by elevating their temperature, which increases, 
instead of diminishing, their electric eneigieB. 

MRS. B. 

Emily is, however, right ; for though it is neces- 
sary to raise their temperature, in order to make 
them combine, as that combination ttfibrds them 
the means of parting with that electricitjes, il is 
eventually the cause of the diminndon of electric 
energy. 

CAROLINE. 

You love to deal ia paradoxes to>day, Mrs. B. 
. — Fire, then, produces water ? " 

MBS. B. 

. ' l^e conditution of hydrogen gas c^tainlydoes; 
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but you do not seem to have remembered the 
theory of combustion so well as you thought you 
would. Can you tell me what happens in the con^ 
bnition of hydrogen gaa? 

CASOtlHE. 

'The hydrogen comtunes with the oxygen, and 
thdr oppoute electricities are . disengaged in the 
form qf caloric ■— Yes, I think I understand it now 

—by the loss of this caloric, the gases are con- 
densed into a liquid. 

Water, then, I suppose, when it evaporates nntl 
incorporates witli the alii:os[)liere, is decomposetl 
and converted inlo hydrogen and oxygen gases? 

No, my dear — there you are quite mistaken: 
the decomposition of water is totally different from 
its evaporation; for in the latter case (as you should 
recollect) water is only in a state of very minute 
division; and is merely suspended in the atmosphere, 
without any chemical combination, and without any 
separation of its constituent parts. As long ns these 
remain combined, they form watek, whether in a 
state of liquidity, or in that of an elastic fluid, as 
vapour, or under the solid form of ice. 

In our experiments on latent heat, you may 
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recollect that we caused water successively to pass 
through these three forms, merely by an increase 
or diminution of caloric, without employing any 
power of attractioD) or efiecting any decomposition. 

But are there no means of decomposing water ? 

MIIS. B. 

YeS) several : charcoal, and metals, when heated 
red ho^ will attract the ox^;en from water, in the 
same manner as th^ will from the attno^here^ 

CABOLISZ. 

HyArogmt I see, is like nitKtg^ a poor 
dependent fHend of oxygen^ which is con^Bodly 
forsaken for greater Javourites. 

MRS. B. 

The connection, or friendship, as you choose to 
call it, is much more intimate between oxygen and 
hydrogen,in the stale ofwater, than between oxygen 
and nitrogen) in (he atmosphere; for, in the first 
case^ there il a ohenii«al union and condeosation 
t^thetvosnbstances; In the latter, th^ are um[Jy 
mixed together in thdr gaseous stated You will 
find, however, that, in some cases, nitrogen is quite 
as intimately mmnected with cotygen, as hydrogen 
is. — But lbis4s fiB«fgn to oar present snl^ect. - 
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EMILY, 

Water, titm, is an axjd, though Uie atmo- 
sphencal air ib not? 

MRS. B. 

It IB not commonly called aa oxyd, though, 
Bcoording to our defiDition, it may, no doubt, be 
referred to diat dau of bodies, 

I should like extremely to see water decomposed. 
mus. b. 

I can gratify your curiosity by a much more 
eaiy process than the oxydation of charcoal oi 
metak: the decomposition of water by these laUer 
means takes up a great deal of tim^ and is 
attended with much trouble; for it is necessary that 
the charcoal or metal should be made red hot in 
a furnace, that the water should pass over them 
in a state of vapour, Uiat the gas formed should be 
collected over the water-bati), &c. In short, it is 
a very complicated operation. But the same effect 
may be produced with the greatest ftcility, by the 
action of the Voltaic battery, which this will ^ve 
me an opportoni^ of exhibiting. 

CAHOLIHS. 

I am very glad of that; for I longed to see the 
poirer of this appaiatoa in decompoung bodies, 
1 4 
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MRS. B. 

. Eif AiB parpoae I fill this piece of g)as«-fube 
(Plate VIII. fig. 1.) trith water, and cork' it iip 
□t both ends; through one of the corks I intro- 
duce that wire of the battery wlilch conveys tlie 
positive electricity; and the wire which conveys 
the negative electricity is made to pass througb 
the other cork, so that the two wires approach 
each other sufficiently near to ^ve out liieir re- 
spective electricities. 



It does not appear to me tlmt you approach the 
wires so near as you did when you made liie bat- 
tery act by itself. 

A\'ater being a better conductor of electricity 
than air, the two wires will act on each other 
at a greater distance in the former than in the 

latter case. 

XMILT. 

; Now tlia dectrical effect appears: I see sinali 
bubbles of air emitted from each wire. 

Each wire decomposes the water, the positive by 
combining with its oxygen which is negative, the 
negative by combining with its hydrt^en which is 
positive. 
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CAROLINE. ' 

That is wonderfully curious I But what are the 
Niall bubbles of air? 

MBS. S. 

Those that appear to proceed from the positive 
wire, are the result of the decompo^tion of the 
water bv that wire. TTiat is to sav, the positive 
eleciricitv having combined with some of the 
oxvgi'n ot ihc iviitLT, till! parliclos ot hydroseii 
which were tuiiibiiied with that portion oi oxygen 
are set at hherty, and appear lu the form of small 
bubbles ot gas or air. 

EMILT. 

And I suppose the negative fluid having in the 
same manner combined with some of the hydrogen 
of the water, the particles of oxygen that were 
combined with it, are set free, and emitted in a 
gaseous form. 

MRS. B. 

Precisely so. But 1 should not forget to observe, 
that the wires used in this experiment are made of 
platina, a metal which is not capable of combining 
with oxygen ; for otherwise the wire would com- 
bine with the oxygen, and the hydrogen alone 
would be disengaged. 

L S 
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CAItOLlNE. 

But could not water be decomposed witliout the 
electric circle being completed ? If, for iDstanceg 
jou immersed only the poudve wire in the water, 
would it not combine with the oxygen> and the 
hydrogen gaa be given out ? 

MRS. B. 

No; for aa you may recollect, the battery can- 
not act unless the circle be completed ; since the 
poritive wire will i)ot give out its electrid^i unless 
attracted by tliat of the native wire. 

CAROLINE. 

1 understand it now. — Bi^t look, Mrs. B., tlic 
dccompoEition of the water which has been going 
on for Eome time, does not sensibly diminish its 
qiunti^— -what is ihe reason of that ? 

Because the quantity decomposed is so extremely 
•mall. If you compare the density of water with 
that of the gases into which it is resolved, you 
must be aware that a single drop of water is suffi- 
cient to produce diousands of such small bubbles 
as those you now peicdve. 

CAROLINE. 

Bat in this experim^t, we obtain the os^gen 
6 
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and hydrogen gases mixed togetbor. Is there any 
means of procuring the two gases sepBrately ? 

MRS. B. 

They can be collected separately m&. ^reat 
ease, by modifying a litde the experiment. Thus 
if instead of one tube, we employ two, ae you see 
here (c, d, Plate VIIL fig. 2,) both tubes h^g 
closed at one end, and op«i at the othef ; and if 
alter filling these tubes wlib water, we place them 
standing in a glass of water (e), with their open 
end downwards, you will see that the moment we 
fKHHiect the wires (a, b,) whici) proceed upwards 
irom the interior of each tube, the one with one 
aid of the hattery, and the other with the other 
end, the water in the tubes will be decompiled; 
hydrogen will be given put round the wire in the 
tube connected with the po^tive end of the battery, 
and oxygen in the other; and these gases will be 
evolved exactly in the proportions which I have 
before mentioned, namely, two measures of hydro- 
gen for one of oxygen. We thall now begin the 
experiment, but it will be some time before any 
sensible quuitity of the gases can be collected. 

EMILY. 

The decomposition of water iu this way, slow as 
it is, is cctlainly very ivoniJerful ; but I confess that 
I should be still more gratified, if you could show 
h us on a larger scale, and by a quicker proceni 
L 6 
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Wattr may be decomposed bj means of metals 
without any difficulty ; but for this purpose the in- 
tervenLiou of nn acid is required. Thai, if we add 
some sulphuric acid (a sutkitance with the nature of 
which you are not yet acquainted) to the water 
which the metai is to tiecompose, the acid enables 
the n-.ctal toeoiiibint with tlie oxvgen of tliu water 
so readily and abundantly, that no heat is rciiuiruil 
to liasteii the process. Of tliis I am going to bliow 
you an instance. I put Into lliis bollle the walei* 
that is to be decomposed, the metal thai k to effect 
tliat decomposition by combining with the oxy- 
gen, and the acid which is to facilitate the com- 
bination of the metal and the oxygen. You will 
t9e with .vfhat violence these will act on each other. 

CABOUHE. 

But what metal is it that you employ for this 
purpose? 

It is iron ; and it is used in the state of filings, 
as these present a gi-eater suriace to the acid than 
a solid piece of metal For as it is the snr&ce of 
the jnetal which is acted upon by fhe add, and is 
disposed to receive the ox;^ produced by Uie 



Digitized tiy 



HXDBOOEK. 



decompmilioD of the water, it neoesMnly folio wi 
that the greater h the iiir&ee, the more consider- 
able is the effect. The bubbles which ate now 
rising are hydrogen gas 

CAROLINE. 

How disagreenblj it smells ! 

It is indeed unplLiiwiiii, tliougli, I believ^ not 
particularly liurtiiil, \Vt shall not, lioweTer, suf- 
fer any more to escapo, as it will be wanted For 
experiments. I shall, therefore, collect it in a 
glass-receiver, by makitjg it pass through this bent 
tube, which will conduct it into the water-bath. 
{PtATE VIII. fig. 3.) 

EMILY. 

How very rapidly the gas escapes ! it is perfectly 
transparent, and without any colour whatever.— 
Now the receiver is full ■ 

We shall, therefore, remove it, and substitnte 
another in its place. Bat you must observe, that 
when the receiver is full, it is necessary to keep 
it inverted with tlie mouth under water, otherwise 
the gas would escape. And in order that it may 
not be in the way, I introduce within the bath, 
under the water, -a tmctr, into Which I Uidethe 
recover, so that it can be taken out of the bath 
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and conveyed any where; the water in the saucer 
being equally effectual in prevenliiig its escape as 
that in the bath. (Plate VIH. fig. 4.) 

I am quite surprised to see what a Jarge quantity 
of hydrogen gas can be produced by so small a 
quantity of water, especially as oxygen is the prin- 
cipal constituent of water. 



In wdght it is ; but not in volame. For though 
Ok proportiooi by weight, is nearly eight parts of 
(^gen to one of hydrogen, yet the proportion 
^ Ae volume of the gaaes is about one pail of 
oxygen to two of hydrogen ; bo much benvier la 
the ibnner than the latter. 

CABOLItlE. 

But why ii the vessel in which the water ia de- 
composed so hot ! As the water changes from & 
liquid to a gaseous form, cold should be produced 
instead of heat. 

MRS. B. 

No; for if one of the consdtuents of water ii 
converted into a gas, the other becomes sdi3 in 
combimng with the metal. 

SHtLT. 

In-Omcaae, then, nether hett nor eoU diould 
bcprodoced? . - 
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True ; but observe that the sensible heat whicli 
is disengaged in this operation, is not owing to 
the decompoudon of the water, but to an extrica- 
tion of heat produced by mixture of water 
and sulphuric add. I will mix some water md 
Ejulpharic acid together in this glass, that you 
may feel the sorpriung quantity of heat which is 
disengaged by their union — now take hold of the 
glass 

■ Indeed I cannot j it feds as hot as boiling water. 
I should have imagined there would have been 
heat enough diseDgaged to have rendered the liquid 
solid. 

MRS. B. 

As, however, it does not produce that efiect, 
we cannot refer tliis lieat to the modification called 
latent heat. We may, however, I think, consider 
it HS heat of capacity, since the liquid is condensed 
by its loss ; and if you were to repeat the experi- 
inenC, In a graduated tube, you would find that 
the two liquids, when mixed, occupy considerably 
leas space than they did separately. But we will 
reserve this to another opportunity, and attend at 
present to the hydrc^;en gas which we have been 
producing. 

If i now set the hydrogen ga% which Is con- 
tained m this recover, at liber^ all at <hic^ iai 



kindle it as soon as it comes in contact with llie 
atmosphere, by presenting it to a candle, it will so 
suddenly and rapidly decompose the oxygen gas, 
by combining with its basis, that an explosion, or 
a deitmatzon {as chemists commonly call it], will be 
produced. For this purpose, I need only take up 
the receiver, and quickly present its open mouth to 
tbe canaie— BO 

CAROLINE. 

It produced only a sort of hissing noiK, with a 
tivid flash of light I had expected a much greater 

And so it uouk! liave been, liad the gases been 
closely confined at the moment they were made to 
explode. If, for instance, we were to put in this 
-bottle a mixture of hydrogen gas and atmpspheric 
air; and if, after corking the bottle, we should kin- 
dle the mixture by a very small orifice, from the 
sudden dilalaliori oF t!ie gases at llie moment of 
their combination, the bottle must either fly to 
pieces, or the cork be blown out witli considerable 
violence. 



But in the experiment which we have just seen, 
ifyoudidnotkii^dle the hydrogen ga% would it not 
. equally combine vith th^ oxygen ? 
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Cei'tainly not ; for, as I have just explained to 
you, it Ie necessary that the oxygen and hydrogen 
gases be burnt together, in order to combine che- 
mically and produce water. 



That is bue; but I thought this was a different 
combination, for I see no water produced. 

MRS. B. 

.The water re^nHng from this detonation was so 
small in quantity, and in such a state of roimite 
division, as to be invisible. But water certainly 
was produced J &r oxygen is incapable of combin- 
ing with hydrogen in any other proportions than 
those wiiich form water; therefore water must 
always bo the result of their combination. 

Jf, instead of bringing the hydrogen g!is into 
sudden contact with the atmosphere, (as we did just 
now,) so as to make the whole oj it explode the 
moment it is kindled, we allow but n very small 
snr&ce of gas to burn in contact with the Btina< 
sphere, the combustion goes on quietly and gradu- 
ally at the point of contact, without any detonation, 
because the surfaces brought together are too 
small for the immediate union of the gases. The 
experiment is a very easy one. This phial, with a 
narrow neck, (Plate VIII. fig. 6.) is full ik hydro- 
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gen gas, and is carefully corked. If I take out the 
cork without moving the pliial, and quickly ap- 
proach the candie to the orifice, you will see how 
different the result will be 

EMILY. 

How prettily it burns, with a blue flamel The 
flame is gradually sinking within the pbM— now 
it has entirety disappeared. But does not tbis 
combustion likewise produce water? 

MRS. B. 

Undoubtedly. In order to make the formation 
of the water sensible to you, I shall procure a fresh 
supply of hydrogen gas, by putting into this bottle 
{Plate VIII. fig. 6.) iron-filings, water, and sul- 
phuric acid, materials similar to those which we 
liave just used for the asme purpose. I shall thea 
cork np the bottle, leaving only a small orifice in 
the cork, with a piece of glass-tube fixed to it, 
throtigh nhidi the gas will issue in a continued 
rapid stream. 

CABOlim. 

I hear already the hissing of the gas throa^ the 
tube, and I can feel a strong cnrroit against my 
hand. 

lias. jB. 

- IUb current'I am gsmg to kindle with tliie aea- 
(Ue— seehow vividl; it burns^— . ; 
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Tt burns like a candle with a gicat fianie. But 
why does this combustion last so much longer tlian 
in the former experiment ? 

MBS. B. 

The comlraBtion goea on iniinterrDptedly as long 
as the aev gaa condnaes to be produced. Now, if 
I invert this recover over the flam^ yoa will soon 
perceive its Jntemid surfiice covered with a very fine 
dew, which is pure water^— 

CAROLINE, 

Yes, indeed ; the glass is now quite dim with 
moisture ! How glad I am that we can see the 

water produced by this combustion. 



It is exactly what I was anxious to see; for i 
confess I was a little incredulous. 



If I had not held the glnss-bell over the flame, 
the water would have escaped in the state of va- 
pour, as it did in the former experligent. We have 
her^ of course obtained but a very small quanti^ 
of water; but the difficult of pTocaring a proper 
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apparatus, with sufGcient quantities of gases, pre- 
vents my sliowing it you on a larger scale. 

The composition of water was discovered about 
the Mine period, both by Mr. Cftvendish, in thii 
country, and by the celelnvted French chemist) 
Lavoisier. The latter invented a very perfect and 
ingenious apparatus to perform, with great accu- 
racy, anil upon a large scale, the formation of 
water by ilic combination of oxygen and hydrogen 
gases. Two tubes, conveying due proportions, 
the one of oxj-gen, the other of hydrogen gas, are 
inserted at opposite sides of a large globe of glass, 
previously exhausted of air; the two streams of gas 
are kmdied within the globe, by the electrical 
s^h, at the point where they come in contact; 
ihey burn t^^ther, that is to say, the hydrogen 
combineB with the oxygen, the caloric is set at 
liberty, and a quantity of water is produced exactly 
equal, in weight, to that of the two gaees introduced 
into the globe. 



And what was the greatest tjuantity of water 
ever formed in this apparatus ? 

nils. s. 

Severs! ounces ; indeed, very nearly a pound, if 
I recollect right ; but the operation lasted many 
days.- 
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KUILY. 

Hiis experiment must have convinced all the 
world of the troth of the discovery. Pray, if im- 
proper proportioiu of the gases were mixed and set 
fire to, whst wonld be the result? 



Water would equally be formed, but there would 
be a residue of either one or other of the gases, 
because, as I liave already told you, hydrogen and 
oxygen will combine only in the proportions reqni- 
dte tor the Ibrmatioii of wBter. 

EMILY. 

Look, Mrs. B., our experiment with the Voltaic 
battery (Plate VJII. fig. 3.) has made great pro- 
gress; a quantity of gas has been formed in each, 
tube, but in one of them there is twice as much 
as in the otfaer. 

MS>. B. 

Yes; because, as I said before water is com- 
posed of two volumes of hydrogen to one of (ay- 
gen — and if we should now mix these gases to- 
gether and set fire lo ihem by an electrical sparl^ 
both gases would entirely disappear, and a small 
quantity of water would be formed. 

There is another curious effect produced by the 
comboitUKi of bydrggen gas, which I shall show 
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you, tliougli I must aquaint you firs!, that I can- 
not well cN[il!iin the cause of it. For tliis purpose, 
I niusi put Eoirn; materials into our apparatus, in 
order to obtain a stream of hydrogen gas, just as 
we have done before. The process is akeady going 
on, and the gas is rushing through the tnbe — I 
ahall now kindle it with the taper 

EHILT. 

It bunu exactly as it did before "What ia 

the carious efiect which 70a were meotioning? 

SIRS. B. 

Instead of the receiver, by means of which we 
have jnst seen the drops of water form, we shall 
invert over the flame this piece of tube, which is 
about two feet in length, and one inch in diameter 
{Plate VIIL fig. 7.) ; bat you must c^Kerve that 
it ii open «t both ends. 

EMILY. 

"What a strange noise it produces ! something 
like the ^olian harp, but not so sweet. 

CAROLINE. 

It is very singular, indeed ; but I think rather 
too povo^l to be pleasing. And is not this 
sound accounted for ? 
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That die perciusioa of gfaas, by a r^id stream 
of gaa, should prodnce s soond, ia not extraor- 
dinary: but the sound here is bo peculiar, that 
no other gas Ims a similar effect. Perhaps it is 
owing to a brisk vibratory motion of the gla*% 
occasioned by the successive {brmstion and con- 
densation of small drops of water on the sides oS 
the glass tube, and the air rushing in to replace 
the vacuum formed. * 

CABOLIHE. 

How very much this flame resembles the burn- 
ing of a candle. 

MItS.B. 

The burning of a candle is produced by much 
the same means. A great deal of hydrogen is 
contained in candles, whether of tallow or wax. 
This hydrogen being converted into gas by the 
heat of the candle, combines with the oxygen of 
the atmosphere, and flame and water result from 
the combination. So that, in fact, the flame of a 
candle is owing to the combustion of hydrogen 
gas. An elevation of temperature, such as is pro- 
duced by a lighted match or taper, is required to 
give the first impulse to the combusUon ; but after* 

• i:tui!ngadoiue:qiIaMti<iiimsfint)Uggeitedl9l)r,Dc- 
lufre.*— See Jonmali of the Bt^al Inttitniion, vd. i p. S59. 
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wards it goes on of itsd^ because the candle 
ixncb a ^opi^y of caknc the, Bucceedye tjaan- 
titles of heat which result from the union, of t^q 
two electricities given out l)y tlic gases dariag 
then- combusioii. But there are other circum- 
stances connected with the crmbustion of candles 
and lamps, which I cannot explain to you till you 
are aquamted with carbon, which is one of their 
constituent parts. In geiicriil, however, whenever 
you see flame, you may infer that it is owing to the 
formation and burning of hydrogen gas * ; for tlame 
is the peculiar mode' of burning of hydrogen gas, 
wbicb, with only one at two apparent exceptions, 
does not belong to any other combustible. 



Yon aitonfa^,-ine.M understood that flame vm 
the caloric prodiic^ ^.the union of the two- deo 
tricities, in all ct^i^biiBlions whatever ? 



Your error proceeded from your vague and 
incorrect idea of flame; you have confounded it 
with I^t and caloric in generaL Flame always 
implies caloric, since it is proddced by the com- 
biMtion of hydrogen gas; but all caloric does not 

- • Or niber, h^dro-aaimat, a' ga> eompoaed of ^iiivgM 
cvboD, nUch will be noticed imder liie bead Cmian.' 
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im[)iy flame. Many bodies burn witli intense heat 
without pioduciiig flame. Coals, for instance, burn 
with flame until all the hydrogen which they con- 
tain is evaporated; but when they aflerwords 
became red hat, much more caloric is disengaged 
tbau vben ibey prodooe €bme. 

CAROUITE. 

bnt the iron wir^ which yqu burnt in oxygen 
gat, appeared to me to emit flame ; yet, as it was a 
umple metal, it could contain no hydrogen ? 

It produced a sparkling dazzling blaze of light, 
bill ao real Same. 

. ^dvhat is the cause of the reguJar Bb^of the 
flame of a candle ? 

MBS. B. 

The T^ular stream of hydrogen gas which 
exhales from its combustible matter. 

CAROLiNG. 

But the hydrc^en gas must, from its great 
levity, ascend into the upper regions of the almt>- 
^ihere ! why therefore does not the flaaae continue 
to atoomquHijt it ? 

VOL, 1. M 
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The combastion of the hydrogea gas is cora- 
pleled at the point where the Same terminates: 
it th^Q ceases to be bydn^en gas, aa it is con- 
verted, by its comtHoatioti with o^^gen, into watery 
vapour; but in a state of roch minnte difiuon as 
to be inTi«bI& 



I do not understand what is the nee of the wick 
of a candle^ since the hydrogen gas bams so well 
without it. 

MRS. B. 

The combnstible matter of the oaodle most be 
decomposed in order to «nit the hydn^ien gas ; 
and the wick is instmmental in e^ctiag this do- 
conipoution. Its combustion first ntelts thcT com- 
bustible matter, and ■ 

CAROLINE. 

But, in lamps, the combustible matter is already 
fluid, and yet tlicy also requij'e wicks ? 

MRS. B. 

I am going to add, that, afterwardsi the burning 
wick (by the power of capillaiy attraction) gradttaUj 
draws up the fluid to tbe point where ccmbustion 
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takes place ; for 3ron mut have obcerred di&t the 
wide doef.iiot bom quite to the bottom. 

CAROLINE. 

Yes ; but I do not ond^^tBiid why it doet AoL 



BeCBDse the air has not so free an access to that 
part of the wick which is immediately in contact 
with the candle, as to the part just above, so that 
the heat there is not snfBdent to produce its de> 
composition : the combnation, therefor^ bef^ a 
little above this point. 



Bn^ Mn. B., in those beautiiiil ligfata, called 
gas-lighis, which are now seen in so many streets, 
and will, I hope, be soon adopted everywhere, I 
con percdve no wick at dl. How ore these lights 
managed? 

HBS. B. 

I am glad yon have put me in mmd of s^ing a 
few word* on this very nsefhl and interesiing im- 
provement. In tbU mode of lighting, the gas is 
conveyed to the extremity of a tube, wh«e it is 
kindled, and bums as long as the supply Cfrntiaues. 
^ere is, therefore, no occasion for a mck, or any 
other fiul whatever. 

H 3 
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suiur. 

But how is this gas procored in such lai^ 
quantities ? 

It is obtained from coal, by iJisl illation. Coal, 
when enpOheil to heat in a close vessel, is decom- 
posed ; litid hydrogen, which ia one of its consti- 
tuents, rises in the state of gas, combined with 
another of its component parts, carbon, forming a 
compound gas, called Hydro-Corbonat, the nature of 
which we shall again have an opportunity of no- 
ting when we treat of carboa. This gas, like 
hydrogen, is perfecdy transpareut, iovidble, and 
highly inflammable ; and, in burning, it emits that 
^vid light which you have sp often observed. 

CAKOLTNE. 

And does the process for procuring it require 
nothing but heating the coals, nnd conv^ing the 
gas through tubes ? 

Nothing else ; except that the gas must be made 
to pass, immediately at its formation, through tVro 
or three large vessels of water, tn which it deposits 
some other ingretjicnt?, and especially water, tsr, 
and oil, uhith al=o arise frani the distillation of- 
coaU. The gas-light apparutus) therelbre, consists 
umply in a large icon vesselt in which the cools are 
exposed to the heat of afuriiRce>— nMne.reacxTCHW 
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of water, in wliidi die gas deposits its impurities,— 
and tubes that convey it to tlic desired spot, being 
propelled with uniform velocity through the tubes 
by means of a certain degree of pressure which is 
niade iip<m the reservoir. 

EMILT. 

What an ndmirable oontmaBcel Do you not 
thin^ Mn. B.t that it will sooa be univenally 
adofrted? ' - 

HES. B. 

Most probably; for the purpose «f lighting 
streets, offices, and public pkces, it far surpasses 
any former invention; but in regard to the 
interior of private houses, this mode of lighting 
has not yet been sufficiently tried to know whether 
it will be found generally desirable, either with 
respect to economy or convenience. It may, 
however, be considered as one of tiie happiest appli- 
oOions of chemistry to the comforts of life; and 
ihixe is evary reMon to suppose that it will answer 
tbe fiill esteiit of public expectation. 
. I have, another experiment to sliSfr yon with 
l^rogen gss, which, I think, wiQ entertain you. 
Have yoa ever blown bobbUawSth soap and water? 

mm.Y. 

Yea, often, when I was a chOd ; and I used 
to than flotd in Uie air by blowaig than 
upwards. 

m5 
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WoBliall lill Eorae such bubbles with hydrogen gas, 
instead of atmospheric air, and you will see with 
H-hat ease and rapidity they will ascend, without 
the assistance of blowing, from the lightness of the 
gas. — Will you mix some soap and water, whilst 
I fill this bladder with the gas coattuned in the 
receiver wluch sttuids on (he shelf in die water- 
bath? 

CAROLINE. 

What ia the use of the brass-atopper and turn- 
cock at the lop of the receiver? 

It U to affiird a pmsage to the gas, when 
required. There is, you lee, a »milar stop-cock 
fastened to diis bladder, which ii made to fit Uiat 
on the receiTer. I screw them one on die other, 
and now turn the two cocks, to open a commu- 
nic.ttion between the receiver and the bladder; 
then, by sliding the recover off the shelf, and 
gently unking it into the bath, the water rises in 
the recdver, and forces the gas into the Uadder, 
(Plate IX. fig. 1.) 

dUlOUMR. 

Yes, I see the bladder swcU as the water rises in 
(hereceiTer. 
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UBS. B. 

I think that we have alread; a snfSdent quantity 
in the bladder for oar purpose : we must be careful 
to itop both the cocks before we separate the 
bladder from the receiver, lest the gas should 
escape. — - Now I must fix a pipe to the stopper of 
the bladder, and by dipping its mouth into the 
soap and water, take up a few drops ; then I again 
turn the cock, and squeeze the bladder, in order to 
force the gas into the soap and water, at the month 
of the pipe. (Plato IX. fig. 2.) 

Hiere is a bubble; Intt it burets before it kavea 
(he mouth of the pipe. 

We must have patience, and try again : it is not 
so easy to blow bubbles by means of a bladder, ais 
amply with the breath. 

CABOLINB. 

Perhaps there is not Mwp enough in the water. 
I dwnld have had warm water : it would have dtft- 
wlved the soap better. 

EHILY. 

Does not some of the gas escape between tlie 
Madder and the pipe ? 
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No, they are perfect]^ air tight; via shall suc- 
ceed presently, I dare say. 

CABOLIKE. 

Now a bubble ascends; it moves with the ra- 
pidity of a ballooD. How beanUfblly it re&acts 
the lighL 

EMtLX. 

It has burst qgainst the ceUmg-— yoa snc^eed 
now wonderfoUy; but why do they all ascead and 
burst agiunst the cdling. 

. . MRS. B. 

Hydrt^en gas is so much lighter than aUno- 
spherical air, that it ascends rapidly with its very 
light envelope, which is buret by the force with 
which it strikes the ceih'ng. 

Air-balloons are filled with this gas, and if they 
carried no other wdght than their covering* would 
ascend as rigidly as these bnbUes. 

CAROUSE.' 

Yet tidr covering must be much heavier tbaQ 
that these bubbles? 

MBS. B. 

Not in iH;i^rti<Hi to the q,nanti^ of gas they 
contain, X do not know whether you fa^ve evei 
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been present at the filling of a large balloon. The 
apparatus tor that purpose is very simple. It 
consists of a number ol vessels, either lars or bar- 
vels, m which the materials for the formation of 
the gas are mixed, each of these being furnished 
with a tube, and communicating with a long 
flexible pipe, which conveyn the gas into the 
balloon. 

EUILY. 

But the fire-bnlloons which were firal invented, 
and have been since abandoned, on aecoaat of 
their being so dangerous, were UHlItmctedi I sup- 
pose, oil a different pnncipls. 

HKB. B. 

They were filled rimpty widi atmospherical air, 
considerably rarefied by heat; and the necesu^ of 
having a fire underneath the balloon, in order to 
preserve the rarefaction of the air within it, was the 
circumstance productive of so much danger. 

If yoa are not yet tired of experiments, I have 
another to show you. It consists in filling soap- 
bubblea with a mixture of hydrogen and oxygen 
gases, in the proportions that form water ; and 
afterwards setting fire fo them. 

ai(U.T. 

Titej mil det<Hiat^ I snppose? 

M S 
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Has. B; 

Yes, tlic_y will. As you "have seen ihe method 
of transferring the gas from the receiver ioto the 
bladder) it is not necessary to tepeat it. I have 
therefore provided a bladder which contaiDS a dae 
proportion of osygen and hydrogen gases, and we 
have only to blow bubbles with it. 

CAROLINE. 

Here is a fine large bubble rising— shall I eet 
£m to it with a c&ndie ? 



If yoa plesK 

HeBvens, what an explosion I — It was like die 
report <^ a gan: I cmfiBw it fiigfatened me miidi> 
I never shauU bare imagined it conld be so load. 

And the flash was as vivid as ligfatniog. 

MBS. B. 

The combination of the two gases takes place 
during that instant of time that you see the flash) 
and bear the detonation. 
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BUILY. 

This li« a BtTong resemblaDce to thunder* and 

MRS. B. 

These phenomena, hoverer, are generally of 
an electrical nature. Yet various meteorological 
effects may be attributed to accidental detonations 
of hydrogen gas in the atmosphere ; for nature 
abounds with hydrogen: it constitutes a very con- , 
^erable portion of the wtiole mass of water be- 
longing to our globc^ and from that source almost 
every other body obtains it. It enters into the 
COmpoutionof all animal snbstances, and of a great , 
number of minerals; but it is most abundant in 
vegetables. From this immense variety of bodies, 
it is often spontaneously disengaged ; its great 
levity makes it rise into the superior regions of the 
atmosphere; and when, either by an electrical 
spark, or any casual elevation of temperature, ,.it 
takes fire, it may produce such meteors or luminous 
appearances as are occasionally seen in the atmo- 
sphere. Of this kind are probably those broad 
flashes which we oiten see on a summer-^evening, 
without beating any detonation. 



Every flash, I mppoec^ must prodace a quantity 
H 6 
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CABOLIME. 

And Hm water, aatiirally, descwdft nt tjaa fcrm 
oFnin. 

HSS. B. 

TfaM pnAtablf ig often the Cise, dioii^ it is not 
B necessary consequence; for the water nay b» 
dissolved by the atmosphere, as it discetids towards 
the lower regions, and remain there in tlie form of 
clouds. 

The application of electrical attraction to che- 
mical phenomena te likely to lead to many very in- 
twvsting discoveries in meteorology ; for electridty 
evideiitly acts a most important part in tbe attHv 
si^ere. This snlgect however as yet^ not avfletb 
ently deTeh>ped finr me to wntere enbrgmg upon 
it. The phmomena of the atmospbere are far frortv 
bring well understood; and even with the little OaS 
is known, I am but imperfect^ acipRunted. 

But before we lake leave ot hydrogen, I mast 
not omit to mention to you a moal interesting (iic- 
cmmpy df-ekH. Davy, wluih » «otmeoted- whit 
thb snl^eob - 

CABOIINE. 

You allnd^ I suppose, to the new miner's lamp, 
which has of late been so much talked of? I have 
long been derinnis of knowing what that ffisconry 
wns, and what purpose it was intended to answev. 
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of the gas called by chemists hfdro^arionat, or by 
the miners fire-damp, (the same from wliich th« 
gns-lights are obtained,) ookc i)i:t from fissures in 
the bods of eoal, and fill tlie cavities in wliich the 
men are at work : nnd this gas bi-iug iiiQimnnable, 
the consequence is, that whon the men upproach 
those places, with a lighted candle, ihe gas takes 
fire, and explosions happen which destroy tbe men 
and horses employed in that part of the colliery, 
aometimea in great numbers. 



What tremendous accidents these must be I Biit 
whence does that gas originate? 



Being the chief product of the combustion of 
coal) no wonder that inflammable gas should occa- 
donaUy appear in situations in which this mineral 
abonnds, since there can be no doubt that processes 
of combustion are frequently taking place at a great 
dept under the suriace of the earth; and, tJierfr- 
for^ those accumulaUons of gas may -arise either 
from combustions actually going on of from for- 
mer eombuBtions, the gas having perhaps been con- 
fined there for ages. 
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And bow doei Sir H. Davy's lamp prevoit tboee 
dreadAiI explaeunu ? 

WIS. B. 

By a contrivance cqoally simple and ingemoiu;' 
and one which does no less credit to the philoio- 
phical views from which it was deduced, than to 
the philanthropic inotives from which the enquiry 
sprang. The principle of the lamp is shortly this : 
It was Bscerlained two or threi^ years ago, both by 
Mr. Ti'iiaiit. and by Sir Hiimpliij hinisolt; that 
the conjbu^.ti(m of Lnfl.Liiiniublo g:<--. CDulii not be 
propagated through small tubes; so that 11' a jet of 
an inflammable gaseous mixture, issuing from a 
bladder or any other vessel, through a small tube, 
be set fire to, it bunu at the orifice of the tube, bat 
the flame never penetrates into the vessel. It is 
upon this fact that Sir Humphry's safety lamp is 
founded. 

EMILY. 

But why does not the flame ever penetrate 
through the tube into the vessel from which the gas 
issues, so as to explode at once the whole of the 

UB8. B. 

o doubt, the inflamed gas is so mucb 
1 in its passage through a small tube as to 
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cease to burn before the combuetion reachee the 

CAROLINE. 

And how can this prindple be applied to the 
construction of a lamp? 

MRS. B> 

Nothing earier. You need only ntppoBe a lamp 
enckned all round in glass or horn, but baring a 
number of small open tubes at the bottom, and 
others at the top, to let the air in and out. Now, 
if such a lamp or lanthorn be carried into an atmo- 
sphere capable of exploding, an explosion or com- 
bustion of the gass n ill lake place tvtlhin the lamp ; 
anil although the vent aBbrded by tlie lubes will 
save the lamp from bursiing, yel, from the prin- 
ciple just explained, the combustion will not be 
propagated to the external air through the tube% 
M that no farther consequence will enioe. 

EHILT. 

And is that all the mystery of that valuable 
lamp? 

MRS.B. 

No ; in the early part of tlie enquiry a lamp of 
fliU kmd was actually ptvposed; but it was but a 
rude sketd) compared to its present state of improve- 
menL Sir H. Davy, after a sncxesuon of trial% 
by which he brought his lamp nearer and nearer 
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to perfection, at last conceived the happy idea that 
if the lamp were siimiimded »ith a wive-work or 

horn, lUf luliuliir coiitrivniico 1 have just described 
would be ctjlirely superseded, since each of the 
intei'stices ul' the gauze would act as a tube in pre- 
venting the pro|)aj;;ation of explosions; so that 
this pervious meliillic covering would answer the 
various purpose;- of tian spare ucy, of permeability 
to air, and of proleeliim against explosion. This 
idea. Mil' Humphry' iinniedlately submitted to the 
test of e>;])i.'rinient, and the result has answered his 
most sajiguine txpcctiilioiii, both in his laboratoi'y 
and in llie collieries where it has already been 
extensively tried. And he has now the happiness 
thinking that his invention will probably be the 
means of saving every year a number of lives, 
which would have been lost in digging out of the 
bowels of the earth one of the most valuable neces- 
saries of life. Here is one of these lamps, every 
part of which you will sit once comprehend. (See 

PLATXX.flg. 1.) 



How very simple and ingenious I But I do not 
yet well see why an explosion taking place within 
the lamp should not communicate to the ex- 
teinat air around it, through the intersticea of the 
wire? 

a* 
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, -This has been and is still a subject of wonder, 
even to philosophers; and the only mode they 
have of exptaining it is, that flame or ignition 
cannot pass through a fine wire-work, because the 
metallic wire cools the flame eufficiently to extin- 
guish it in passing through the gauze. This pro- 
per^ of the wire-gauze is quite similar to that of 
the tubes which I mentiouett oti introducing the 
subject; for yoa may consider each interstice of 
the ganze as an extremely short tube of ft very 
small diamet^-. 

But I should expect the wire would often beeome 
red-hot, by the burning of the gas within the lamp ? 

MRS. B. 

And this is actually the case, for the top of the 
lamp is very apt to become red-hot Butfbrtu- 
nately, such inHammable gaseous mixtures as are. 
found in the mines cannot be exploded by red-h<d 
wir^ the intervention of actual flame bdng reqnired 
for that purpose; so that the wire does not set fire 
to the explosive gas around iL 

EMILY. 

I can understand that ; but if the wire be red- 
ho^ laow can it cool the flame within, and prevent 
its passing through the gause ? 
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Hie ganze, though red-hot, is not so hot as the 
flame by which it has been heated ; and as metallic 
wire is a good conductor, the heat does not much 
accumulate in it, as it passes off quickly to the other 
parts of the lamp, as well as to any contiguous 
bodies. 

CAROLIKE. 

This is indeed a most interesting discovery, aod 
one which shows at once the immeiue utility with 
which science may be practically applied to some oC 
the most importaDt purposes. 



CONVERSATION VIU. 

OH aULTHUR AND PUOSPHORUG. 



MRS. n. 

Suu'HUK is llie Dcxt substance that comes under 
onr consideration. It difiers in one essential point 
fnm the preceding^ m it exists in a solid form M 
the temperature of the atmosphere. 

CAROLINE. 

I am glad that we have at last a solid body to 
examine; one that we can see and touch. Fraj, 
is it not with snlpfanr that the points of matdiei 
ore corered, to make them easQy kindle? 

MRS. B. 

Yes, it is; and you therefore already know that 
sulphur is a very combustible substance. It Is sel- 
dom discovered in nature in a pure unmixed 
state ; so great is its affinity for other substances, 
that it is almost oonslantly found GomtHned wiih 
some of them. It is most commonly united with 



metals, under various fonus, and is separated frotn 
them by a'very simple process. It exists likewise 
in many mineral wtiters, and some vegetables yield 

it in various proportions, especially those of the 
cruciform tribe. It is also found in animal matter; 
in short it may be discoveret! in greater or less 
quantity in the mineral, vegetable, and animal 
kingdoms. 

EMILT. 

I have heard 'of jSotccrs of ai^mt i are they the 
produce of any plant ? 

MBfl. B. , 

By no means: they consist of nothing more 
than common sulphur, reduced to a very fine 
powder by a process called sublitnation. — You see 
£ome of it in this phial ; it is exactly the same 
substance as this lump of sulphur, only its colour 
is a paler yellow, owing to its state of very minute 
divisifw. 

EMILY. 

Fray what is sublimation ? 

Hiia> B. 

It is the evaporation, or, more properly speak- 
ing the volatilisalioa of solid substance^ whit^ 
in cooling, condeuee again in a concrete fiirm. 
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The process, in this instance, must be performed 
ID B closed vessel, both to prerent combustion,' 
which woald take place if the access of air were 
not carerully pi'ectuded, and likewise in order to 
collect the substance after the operation. As it 
h rnthcr a slow process, we shall not try the 
experiment nuw; but Joii will understand it per- 
fectly it' I hUovi you die ,ip|)!iratus used for the 
purpose. (Plate XI, fig. 1.) Some lumps of 
sulphur are put into a receiver of this kind, 
which is called a cuatrbU. lu shape, you see, 
■omewhat resembles that of a pear, and is open at 
the top, BO at to adapt it«elf exactly to a kind of 
conical receiver of this sort, called the head. Hie 
cucurbit, thus covered with its head, is placed 
over a sand-bath : this is nothing more than a ve&* 
sel full of sand, which is kept heated by a furnace^ 
such as you see here, so as to preserve the appa- 
ratus in 3 moderate and uniform temperature. 
The sulphur then soon begins to melt, and im- 
mediately after this a thick white smoke rises, 
which is gradaally deposited within the head, or 
upper part of the apparatus, where it condenses 
against the sides, somewhat in the form of a vege- 
tation, whence it has obtained the name of flowers 
of sulphur. Tliia apparatus, which is called an 
alembic, is highly useful in all kinds of distilla- 
tious, as you will see when we come to treat of 
diose operatiooB. Alembics ore not commenlj' 
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made of giass, like this, which is applicable only 
to distillations upon n very small scale. Those 
used ill mQiiufactures are genemlly made of cop- 
per, and are, of course, considerably larger. The 
general construction, however, is always the 
ssme, although their shape ftdmits of tome tbtI- 
atioD. 

CABOLINE. 

What is the use of that neck, or tnhe, which 
bends down from the upper piece of the appa- 

MB8. B. 

It is of no use in sablimationg ; but in distilla- 

tioDS (tiie general object of which is to evaporate, 
by lieat, in closed vessels, the volatile parts of a 
compound body, and to condense them again into 
a liquid,) it serves to carry off the condensed Huid, 
which otherwise would fall back into the cucurbit. 
But this is rather foreign to our present subject. 
Let us return to the sulphur. You now perfectly 
understand, I suppose, what is meant by subli- 
mation ? 

I believe I do. Sublimation appears to consist 
in destroying, by me;ins of hent, tijc atlraclion of 
Bggr^ation of the particles of a solid body, wiiieh 
are Uius volatilised ; and as soon as they lose the 
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cdoric which produced that effect, they are depo- 
sited in the form of a line powder. 

It seems to mc to he somewhat similar to the 
tntDsTormation of water ioto Tapour, which retnTDs 
to its liqaid state when derived of caloric. 

EMILY, 

There is this difference, however, that the sul- 
phur docs not return to its forraer state, since, 
instead of lumps, it changes to a fine powder. 

Chemically speaking, it is exactly the same sub- 
stance, whether in the form of lump or powder. 
For if this powder be radted agun by heat, it wifl, 
in cooling be restored to the same solid state ia 
which it was before its sublimatJon. 

CAROLINE. 

But if there be no real change produced by the 
sublhnation <tf the suI^Aur, what is the use of that 
(^teratton ? 

It divides the sulphur into very minute parts, 
and thus disposes it to enter more readily into com- 
bination with other bodies. It is used also as a 
meani of pnrification. 




Cfi4 SULPHUB, 
CAROLINE. 

SuUhnation nppearB hi me, like the be^nitig of 
comboEtion, Tor the completion of which one cir> 
cuinstance only is wanting, the absorption of 
oxygen. 

MBS. B. 

Bat that circumstance is every thmg. No esEen- 
tial alteration is produced id sulphur bv subhina- 
tioDj wbikt in combustion it combines with the 
oxygen, and ' forms a new compound to tally dif- 
ferent in everr respect from sulphur in its pure 
state, — We shall now burn some sulphm-, and you 
will see how very diiremit the result will be. For 
this purpose I put a small quantity ol flowers of 
sAlphur into thi^ cup, find place it in a dishj into 
«l)iGh I have poured a little water : I now set fire 
to the aulpbur with the point of this hot wire; for 
its combustion will not begm unless its temperature 
be considerably raised.. — You see {bat it bums 
with a ^nt blueisb flame: and as I invert over it 
this receiver, white fumes arise from the sulphur, 
and fill the vessel. — You will soon perceive that the 
water is rising within the receiver, a litde above its 
level in the plate. — "Well, Emiij', can you account 
for this ? 

I , suppose that the gidphur has absorbed the 
oxygen from the atmo^hericsl air within the 
recnver, and that we shall find some oxygenated 
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rali^iiir ill the cup. A» fer the white snM&% I am 
qmte at a ion to^gaew what it maj .be. 

XRB. B. 

Your fint conjecture is ^ery right : but you are 
mistaken in the laat ; for nothing will be left in the 
cup. The white vapour is the oxygenated salphurt 
which suoines the fenn of an elastic finid of a 
pungent and oSenrive smell,' and is a powerfhl 
acid. Here you 'se;^ a ' chemical combination of 
oxygen and sulphur, producing a true ga^ which 
would continue such under the pressure and atttie 
temperature of the atmosphere, if it did not unite 
with the water in the plate, to which it im}nrts'its 
acid taste, and all ita add prbpertiea;— You se^ 
now, with what curious 'e&cts Ae combustion of 
Eulpbur is attended, . i . . 

This is something quite new; and I confess that 
I do not perfectly understand why the sulphur turns 
add. 

U8S. B. 

It is because it unites with oxygen, which is the 
acidifying principle. And, indeed, the word o^en 
is derived from two Greek words agnifying to ^ra- 
dtiee an acid. 

OLBOLINE. 

- Why, th^, is not v^ater, which contwns sncb p 
quand^ of (wygcn, add ? 

VOL. I. IT 
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Became bydrogm, which u tlw oUiv ctmdf 
tuent of water, is not susceptible of acIdificaticHi.' 
— I believe it will be necessary, before we proceed 
further, to say a few woi ds of tlic gcncial nature 
of aciils, though it is raibci' a licviatioii from our 
plan of examining tlie sinijilc boilics separate!}', 
before we consider them in a suite of combination. 

Aciiis may be considered as a peculiar class of 
burnt bodien, which during their combustion, or 
combination with oxygen, have acquired very 
charactetistic properties. They are chiefly di»- 
cemlbie by thar sour taste, and by turning red 
most of the Wue vegetable colours. These two 
properties are common to the whole class of acids ; 
but each of them is distinguished by other peculiar 
qualities. Every acid consists of some particular 
substance, (which constitntee hs bati^ and is ilt- 
ferent in each,] and of atygat, wliicfa it conuun 
to them all. 

EMILY. 

But I do not dearly lee th« difirence between 
acids and oxyds. 

MII3. B. 

Acids were, in fact, oxyds, which, by the odd^ 
Uon of a snfficient quantity of oxygen, bam been 
converted into a^ii. For acidification, yon maat 
obaerre, always implies previous i»cyd«tion, u « 
body must have combined with tl>e quanti^ of 
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oxygen requisile to constitute it an oxyd, befere it 
can combine witli the greater quantity wbidi, is 
necessary to render it on acid. 

CARCOJNE. 

Are alt oxyds capable of being converted iiito 

Very far from it; it is only cerfuin substances 
which will enter into that peculiar kind of union 
with oxygen that produces acids, and the Dumber 
of these is proportionRlly veiy small; but all burnt 
bodies may be considered oa belonging either (o 
the class of oxyds, or to that of acids. At a future 
period, we shall enter more at large into this sub- 
ject. At present, I have but one circumstance 
further to point out to your observatioi! respecting 
acids: it is, that most of thorn are susceptible of 
two degrees of acitiification, according to tlie dif- 
ferent quantities of oxygen with wliich their basis 
Gombinet. 

EMILY. , 

And how are these two degrees of aoidi&mtioi) 
distingnUbed ? 

MBS. B. 

W^f the -peculiar properties which resnlt from 
^Mm. The acid we have ju& m»Aa u the first or 
wcokttt dggiet of acidification, end is cillad 
fhareen aeidj if it ware fully - saturated' mtfaoxy- 
K 2 
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gen, It irould be called sidpbiarie acid. You musl 
therefore remember, that in this, as in all acids, 
the first degree of atadiGcation is expressed by the 
termination in oat; the stronger, by tiie terminatioa 

CAItOLINE. 

And how is the sulphuric acid made? 

MRS. B. 

By burning sulphur, over water, in pure oxygen 
gos, and tlius rendering its combustion much more 
complete. I have provided some oxygen gas for 
this purpose; it is in that bottle, but we must first 
decant the' gas into the glass receiver which stands 
on the shelf in the badi, and is full of water. 

CAROLINE. 

Pray, let me try to do it, Mrs. B. 

MRS. B. 

It requires some little dexterity — hold the bottle 
completely nnder water, and do not torn the 
mouth upwards, till it is immediately under the 
aperture in the shelf, through which the gas is to 
pass into the recover, and then turn it up gradual- 
ly,'— Veiy well; you have only let a Sew bulri>les 
escape, and that must he expected at s first trial. — 
Now I shall put this piece of sulphur. into the 
receiver, through the opening at the top, and 
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introduce along with it a small piece of lighted tin- 
der to set fire to it. — This requires limDg done very, 
quickly, hst the atmospherical air should! obtain 
entrance and mix with the pure OKygen, gas. 

E-MItV, 

Hon beautifully it burns ! 

CABOUNB. 

But it is already buried in the thick vapour. 
This, I suppoae, is sulphuric acid ? 

EMILY. 

Are these acids always in a gaseous state? 
MRS. B. 

Sutpfanreous acidg as we have already observed, 
is apermanent gfo, and can be obtained in a liquid 
form only by condensing it in water. In its pure 
state, the sulphureous add is invisible, and it now 
appears in the form of a white smoke, from its com- 
bining with the moisture. But the vapour of sul- 
phuric acid, which you have just seen lo rise during 
the combustion, is not a gas, but only a vapour, 
which condenses into liquid sulphuric ac:id, by losing 
its caloric. It appears however from Sir H. Davy's 
espericnents, that this formation and condensation 
of lulphuric acid requires the presence of water, for 
which purpose the vapour is recdved into cold 

N 3 
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water, which may afterwardG be separated from ihc 
acid by evaporation. 

Suiphur has hitherto been considered as a sim- 
ple substance; but Sir H. Davy has suspected that 
it contains a small portion of hydrogen, and per- 
haps also of oxygen. 

On submitting sulphur to the action of (he Vol- 
taic battery, he observed that the negative v ire 
ffLW oat hydragm; and the existence of hydrogen 
in. nlphur was rendered still more probable by 
Iii* observing that a small quantity of vater was 
produced daring the combustion of sulphur. 

EMILY, 

And pray of what nature is sulphur when per- 
fectly pure ? 

HSfl. B. 

Sulphur has probably never been obtained per- 
fecdy tree from combination, so that its radical may 
potubly posseu properties very different from those 
of common sulphur. It has been suspected to be 
of a metallic nature ; but this is mere conjecture. 

Before we quit the subject of sulphur, I must 
tell you that it is susceptible of combining with a 
great variety of substances, and especially with 
hydrogen, with which you are already acquainted. 
Hydrogen gas can dissolve a small portion of it. 
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What I can a gas dissolve a solid subatatice? 



Yes; a solid substance may be so minutely divided 
by heat, as to become soluble in gns: and of this thete 
arc several instances. But you must observe, that, 
ill lliK present casf, nclicmic.il miiuu or eombin.ilioll 
of tbi^ sulphur witli tbc hydiogcii gas is produced. 
In order to effect tliis, the sulphur must be strongly 
heated in contact with the gas; the heat reduces 
the sulphur to such a state of extreme division, and 
difiuses it so tlioroughly through the gae, that they 
combine and incorporate together. And as a 
proof that there must be a chemical union between 
the sulphur and the gas, it is sufGdent to remark 
Uiat they are not separated when the sulphur loses 
the caloric by which it was volatilized. Besidea, 
it is evident, from the peculiar fetid smell of this 
gas, that it is a new compound totally difierent from 
citlicr of its coustiluents ; it ia called n^pkurelted 
hydrogen gas, and is contaiLied in great abundance 
in sulphureous mineral waters. 

CAR0LI»£. 

Are not the Harrogate waters of this nature ? 

HII3. B. 

Tes; they are naturally impregnated with sul- 
s 4 
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phnretted hydrogen gat, and then are many oUier 
Bprings of the uune kind, vhidi shows that thi»gas 
must often be formed in the boweb of the earth by 
Epontaneous proceeses of nature. 

CAROUHE. 

And could not such waters be made artificially 
by impregnating common water with this gas? 

HBfi. B. 

Yes; they can be so well imitated, as perfectly to 
resemble the Harrogate waters. 

Sulphur combines likewise with phosphorus, and 
with the alkalies, and alkaline earths, substances 
with which you are yet unacquainted. We can- 
not, therefore, enter into these combinations at 
present In our next lesson we shall treat of 
phosphorus. 

May we not hegia that subject to-day ; this les- 
son baa been so dioit ? 

HHS. B, 

I have no oljection, if you are not tired. What 
do you say, Caroline? 

CAKOLINX. 

I am as deurons as Emily of jmrfongmg the let- 
son to-day, espedally as we are to enter on a new 
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stitgect ; for I conffeas that ralphur has not a^^tcared 
to me to mterestiDg as the other umple bodias. 

Perhaps you may find phosphorus more enler- 
tainiog. You must not, however, be discouraged 
when you meet with some parts of a study less 
amusing than others; it would answer no good 
purpose to select the most pleasing parts, since, 
if we did not proceed with some method, in order 
to acquire a general. idea of the whole, we could 
scarcely expect to take interest in any particular 
subjects. 

PHOSPHORITS. 

PHOsriTORUs is considered as a simple body; 
though, like sulphur, it has been suspected of con- 
taining hydrogen. It was not known by the earlier 
diemists. It was first discovered by Brandt, a 
chemist of Hamburgh, whilst employed in re- 
searches after the philosopher's stone; but the, 
method of obtaining it remained a secret till it was 
a second time discovered both by Kunckel and 
Boyle, in the year 1680. You see a specimen of 
phosphorus in this pfalal ; it is generally moulded 
into small sticks. of a yelloirish colour, as yonfiiid 
.it here. " 

H 5 
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CAROLINE. 

I do not utid erst and in «liat the discovery con- 
sisted : there may be a secret metliod of miiking an 
KTtiGciBt compoiition; but how can you talk of 
•making a nibstance which naturally exists? 

MRS. s. 

A body may exist in nature, so closely combined 
witli other subslances, as to elude the observation 
of chemists, or render it extremely difficult to ob- 
tain it in its separate state. This is the case with 
phosphorus, which is always so intimately com- 
bined with other substances, that its existence re- 
muned nnnodced till Brandt discovered the means 
of olMainiug it free from other combinadonr. It 
is found in all animal substances, and is now 
chieflj extracted from bones, b; a diemical pro- 
cess. It exists also in some plants, tkat heax ji 
strong analogy to animal matter in their chemical 
composition. 



But is it never found in its pure separate elate? 

URS. B. 

Never; and this is the reason that it remmned 
so long undiscovered. 

PhasphoroB is eminently combustible : it melts 
and takes lire at the temperature of one hundred 



d^ree% and absorbs in its fxirnhnstion neaHy once 
■nd a half its own wdght of oxygen. 



CAROUNE. 

Wh^ I will a pwmd <^ phospborai tamiume a 
pound and a half of oxygen? 

So II appears from accurate experiments. I can 
show you with what violence it combines mth 
oxygen, by burning some of it in that gas. We 
mast manage the experiment in the same manner 
BS we did the combustioa of sulphur. Yon see 
I am obliged to cut this Utile bit of phosphorus 
under water, otherwise there would be dangn* of 
its taking fire the heat of my fingers. I now 
put it into the recdvn, and kindle it by means of a 
hot wire. - 

EMILY. 

What a blaze 1 I can hardly look at it. I never 
saw any thing so brilliant. Does it not hurt your 
eyes, Caroline? 

CABOUNZ. 

Yes: but still I cannot help looking at it. A 
prodigious quanti^ of oxygen must, indeed, he 
absorbed, when so mudi light and caloric are disen- 
gaged! 

N 6 
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In the CO 111 bust ion of a pound of pliosphorus, a 
sufficient quantity of caloric is set free, to melt up- 
wairdg of a hundred pouDds of ice: this baa been 
computed by direct, e:q>eriiiients mth the calori- 
meter. 

BHILY. 

Aod is the remit of this combustion, like that of 
lulphur, an add ? 

MRG. B. 

Yes : phosphoric acid. And had we duly pro- 
portioned the phosphorus and the oxygen, they 
would have been completely converted into phos- 
phoric acid, weighing together, in this new state, 
exactly the sum of iheir weights separately. The 
water would have ascended into the receiver, on 
account of the vacuum formed, and would have 
filled it entirely. In this case, as in the combusUon 
a£ sali^ur, the acid vapour formed is absorbed and 
condensed in the wat^ of the receiver. Bat vhm 
this combustion is performed without any water or 
moisture being presentf the acid then appears id 
the form of concrete whitish flalce^ which ar^ how- 
ever, extremely ready to melt upon the least ad- 
mission of moisture. 

EMILZ. 

Does phoepborns, in burning in atmosiAbrical 
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ur> produce, like sn^u^ a weaker wrt of dw 
Mine acid? 

MRS. E. 

No: for it hi:ni-, in !ilnio!|ihcriral air, nearly nt 
the same tenipcratiire in piiro iixygtn giis; and 
it IB in botli cases so strongly disposed to combioe 
with the oxygeo, that the combastion is perfect, 
and the product similar ; otilf In atmospherical air, 
being less rapidlj' supplied with oxygen, the process 
is performed in a slower manner. 



But is there no method of auditing phoq)hoTaB 
in a slighter manner, so as to form fhotphorous 
acid? 

MRS. B. 

Yes, there is. When simply exposed to the at- 
mosphere, pliasphorus undergoes a kind of slow 
combustion at any temperature above zero. 

Is not the process in this case rather an oxyd- 
ation than a combustion ? For if the axjgea, h 
too slowly absorbed for a sensible qaantity of light 
aad heat to be disengaged, it is not a true com- 
bustion. 

MRS. B. 

The case is not as y«a sn|fH»e : a fiunt light is 
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emitted, wbidi ii very disceraible in the darit; 
but the heat erolved is itot EufGcioitly strong to be 
BOwUe: a whitish Topour anses from this com- 
busttODg which, uniting with wntcr, condenses into 
liquid phosphorous acid. 

Is it not very singular that phosphorus should 
burn at so low a temperature in atmospherical air, 
whilst it docs not bum in pure oxygen without the 
■application of heat? 



So it at first anpears. But this circumstance 
seems to be owinsz lo ine nurogeu gas oi tiie at- 
mosphere, JLTiis iriis oissoivcK smau Dari.icics <ii 
phosphorus 

and dlffuseti in iiii^ ai[riijsi>iii:iji:ai iiir. conuiini's 
with the o 

bustion. i>tii iiie same ciri^i (iiMW niii iiiKu iiiiico 
in oxygen gas, because it is not capable of dis- 
solving phosphorus : it 19 thcre&re necessary, in 
this case, that heat should be applied to eficct that 
division of particles, which, in the former instance, 
is produced by the nitrogen. 



I liave seen letters written with phosphorus, 
which are invisible by day-light, but may be raad 
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in the dark by their own li^t. Th^ look as if 
they wete written with fire ; yet they do not eeem 
to. bnni> 

But they do reslly burn ; for it is by their slow 
comboftion that the light is emitted ; and phos* 
phorouE add is the result of this combuBtion. 

Phosphorus is sometimes used as a test to es^ 
mate the parity of atmospherical air. For this 
purpose, it is burnt in a graduated tube, called an 
Eudicmeter (Plate XI. fig. S.), and the propution 
of oxygen in the air examined is dedn<^ from the 
quantity of lur. which the phosphorus abscffbc; for 
the phosphorus will absorb all the oxygen, and the 
nitrogen aliHie will remain. 



And the more oxygen is contLiined in the atmo- 
sphere, the purer, I suppose, it is esteemed ? 

MBS. a. 

Certainly. Phosphomis when melted, combines 
with a great variety of substances. With sulphur 
it fortns a compound so extremely combustible, 
that it immediately takes fire on coming in contact 
with the air. It is with this composition, that phcM- 
{^oric matches are pr^red, which kindle as soon 
a) they are taken ont ^ thdr^cqse and are ^poied 
to the air. 
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I have a box of these cnHoua matdieB; but I 
have observed tha^ in very cold weather, tbejr will 
not take fire without being previously rubbed. 

By rubbing them you raise their temperature; 
for, you know, friction is one of the means of extri- 
cating heat. 

EHILr. 

Will photphoruB, like sulphur, combine, with 
hydrogen gsi ? 

MRS. B. 

Tcs ; and the coiiijiound gas whidi results from 
this combination has a smell still more &tid than 
the sulphuretted hydrogen; it resembles that' of 
garlic. 

The j^Mpkorviied hydrogen gas has this remark- 
able pecnliarityi that it takes fire ^ontaneously 
in the atmospherei at any temperature.' It is thus, 
probably, that are produced those transient flames, 
or flashes of light, called by the vulgar WUl-qfithe- 
Wisp, or, more properly, Jgws^/aiui, vhich are 
ofleii seen in church-yards, and places, where the 
putrefactioiis of animal matter exhale phoe^ioriiB 
and hydrogen gas. 

CABOUNB. 

Country pecqil^ who are so much Irightenad by 
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those appeBTSiicec, would soon be recondled to 
them, if tbc^ knew from what a simple cause they 
proceed. 

There are other combinations of phosphorus that 
have also very singular properties, particularly 
that which resnlts Avm its miioa with lune. . 

EMIIY. 

Is there any name to distinguish ihe combina- 
tkm of two BubitaDces, like phosphorus and lim^ 
neither of which are oxygen, and which cannot 
tberefiire produce eldier an oxyd or an and? 

Hie names of sucli combinations are composed 
from those of their ingredienls, merely by a slight 
change in their termination. Thus the combina- 
tion of sulphur with lime is called a sulphuret, and 
that of phosphorus, a phosphwet of lime. This 
latter compound, 1 vaa going to say, has the sin- 
gular |»roperty of decomposing water, merely by 
being thrown into it. It effects (his by absorbing 
the oxygen of water, in consequence of which bub- 
bles of hydrogea gas ascend, holding in lolntion a 
■mall qoaatity of phoqibonu. 
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ZHU.Y. 

These bubbles then are phosphoretted i^Av^n 
gas? 

MBS. 

Yes; and they prodace (he singular appcftrancc 
of a flash of fire lEsaiiig from water, as the bubbles 
kindle and detonate on the snr&ce of the water, 
at tite in&tanC that thej come in contact with the 
atmosphere. 

' It not this effiK^ nearly aimitor to that produced 
1^ the combination of phosphorus and su^hur, or,' 
more properly Epeaking, tiiepiotphiret ^ sti^iw £ 

Yes: but the phenomenon appears more extra- 
ordinary ill this case, from the presence of water, 
and from the gaseous form of the combustible com- 
pound. Besides, the experiment surprises by its 
great simplicity. You only throw apiece ofphos- 
phuretof lime Into a glass of water, and bubble of 
fire will immediately issne from it 

CAROLINE, 

Cannot we try the experknmt ? 
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Very ennlf ; but we must do it in the open 
ur; for the smell of the phoephoretted hydrogea 
^ k m extmady &tidt that it would be intolei^ 
able in the faonie. But before we leave the room, 
we may produce fayiuiother process, some bub- 
bles of the same gas, which are much less oSea- 

Therc is in this little glass retort o solution of 
potash ia water; I add to it a small piece of phos- 
phorus. We must now heat the retort over the 
lampi after having engaged its neck under water 
— you see it begins to boil ; in a few minutes bub- 
bles will appear, which take fire and detonate as 
they iuue from the water. 

CADOLIHE. 

Then ii one — and another. How cnrions it is I 
— But I do not understand how this is produced. 

UR8. B. 

It is the consequence of a display of affinities 
too complicated, I fear, to be made perfectly intel- 
ligible to you at present. 

In a few words, ihc reciprocnl nctioii of the pot- 
ash, phosphorus, caloric, and water are such, that 
some of the water is decomposed, and the hydro- 
gen gas thereby formed carries off some mmute 
parlides of phoEphorus, with which it &rmi phos- 
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phuretted hydrc^fen gas, a ccMnponnd which spon- 
taneoml^r take fire at almost aaj teinperatDr& 

EUTLf. 

What is that circular ring untdEe which dowly 
riMt from each bubble a&at its detraation ? 

MRS, B. 

It consists of water and pfaoqdioric acid in 
vapour, which are produced by the canbuBtion of 
hydrogen and phosphorus. 
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CONVERSATION IX. 



ON CARBON. 




To-day, Mrs. B., I believe we are to learn 
the nature and propertie) of caxboh. Thia sub- 
staDce is quite new to me; I never heard it men- 
tioned berore. 

Not BO new as you imagine; for carbon is 
nothing more than charcoal in a state of purity, 
that is to say, uiimiKed with any foreign ingredients. 

CAROL IKE. 

But charconl is made by art, Mrs. B., and how 
can a body conusting of one ample sabstance be 
fabricated ? 

Hits. B. 

You again confound the idea, of making a Bim- 
ple body, with that of separating it from a com~ 
pound. The chemical procetses by irhich a sim- 
ple bod; is obtained in a state of purity, consist in 
unsiaiing the compound in which it b contained, 
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in order to neparate from it the simple rabstance 
in question. The method by which charcoal ii 
usnally obtuned, is, indeed, cominoDlf called 
malifig it; bat, upon examination, yoa will find 
this process to consist simply in separating it from 
other substances with which it is found combined 
in nature. 

Carbon forms a consiilerable part of the solid 
motter of all organised bodies; but it ia most 
abundant in the vegetable creation, and it is chiefly 
obtained from wood. When the oil and watec 
(which are other constituents of vegetable matter) 
are evaporated, the blacli, porous, brittle substance 
that remains, is charcoal. 

CAHOLINE. 

But if heat bo applied to the wood in order to 
evaporate the oil and water, will not the tempe- 
rature of the charcoal be raised so at- to make it 
bum ; and if it combines with oxygen, can we any 
longer call it pore? 

MRS. B. 

I was going to add, that, in this operatioiii the 
air most be excluded. 

CAROLINE. 

How thm can the vapoor ot the oH and wster 
fiyoff? 
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In order to produce charcoal in its purest state 
(which 19, even Uien, but a less imperfect sort of 
carbon), the operation shonld be performed ill an 
eartheti retort. Heat being applied to the body 
of the retort, the evaporable part of the wood will 
escape through its neck, into which no air can 
penetrate as long as the heated vapour continues 
to fill it. And if it be wished to collect these 
volatile products of the wood, this can easily be 
done by introducing the neclc of the retort into 
the water-bath apparatus, with which you are 
acquainted. But the preparation of common char- 
coal, sudi as k used in kitchens and maniifactureSi 
is performed on a much larger icaL^ and an 
easier and less expensive process. 

I have seen the process of making common char- 
coal. The wood is ranged oi: the ground in a pile 
of a pyramidical form, witli a fii'c utiilerneath; the 
whole is then covered ivith cliiy, a few holes only 
being left for the circulation of air. 

These holes arc closed as soon as the wood is 
fairly lighted, so that the combustion is checked, 
.or at least continues but in a very imperfbot tnan- 
ner; but the heat pioduoed by it ii nifBdent to 
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Torce out and volatilize^ throu^ the earthy cover, 
most part of Uie <n1y and watwy prtodplet of the 
wood, dthou^ it caonot reduce it to ashes, - ' 

Is pure carhon as black as charcoal ? 

The purest carbon ive can prepare is so; but 
chemists have never yet been able to separate it 
entirely from hydrogen. Sir H. Davy says, that 
the most perfect carbon that is prepared by art 
gont^Ds about five per cent, of hydrogen; he is 
of opmioD, that if we could obtain It quite free 
from furdgn ingredients, it would be metallic, in 
common with other simple substances. - - 

But there is a form in'which cliarcoal appeusj 
that I dare say will surprise you. — This rmg, 
which I wear on my finger, owes it brilliaii^-b> a 
small piece of carbon. 

Surely j-ou are jesting, Mrs. B. 

EHILY. 

-I thought ypor ring was diampgd. . . 

' ' UB9,'B. 

It it so.. But dinmoUd is nothing litore thm 
cartnxi Id a crystallized state.. 
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That is astonishing! Is it passible to see two 
things apparently more differeut than diamond and 
charcoal ? 

It is, indeed) curious to think that we adorn our- 
selves with jewds of charcoal ! 

There are many other substances, consisting 
chiefly of carbon, that are remarkably white^ 
Cottcm, tor instance, is almost wholly carbon. 

CAHOLIHE. 

That, I own, I could never have imagined i — 
But pray, Mrs. B., since it is known of what sub- 
stance diamond and cotton are composed, wliy 
siiould they Tiot be manufectured, or imitated, hy 
some chemical process, which would render tliein 
much cheaper, and more plentiful than the present 
mode of obtaining them ? 

HB8.B. 

You might as well, my dear, propose that we 
sliould make flowers and fruit* nay, perhaps even 
animals, by a chemical proc»s; for it is known 
of what these bodies c<niust, smce every thing 
which we are acquainted with in notnre -is formed 
from tHe variona sunple snbstanoes that we have 

VOL. I. o ■ 
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enumerated. But you must not suppose that a 
knowledge of the component parts of a booy will 
in every case enable ua to imitate it. It js much 
less difficult to decompose bodies, ana aiscover of 
what materials lliey arc made, than it is to recom- 
jjo-e them. The iirst ol these processes is called 
analyiis, the last ^lUkesis. When we are able to 
ascertain the nature of a Bubstftoce hj both these 
iDethoda, so that the remit of one confirms that of 
the other, we obtain the most complete knowlettge 
of it that we are capable of acquiring. This is 
tlie case with water, with the atmosphere, with 
most of the oxyds, acids, and neutral salts, and 
with many other compounds. But the more com* 
plicaled combinations of nature, even m ihc mine- 
ra' kingdom, are in geritral beyond our reach, and 
any attempt to imitate organised bodies must ever 
prove fruitless ; their formation is a secret which rests 
in the bosom of the Creator. Yon see, therefore] 
bow vain it would be to attempt to moke cotton by 
chemical means. But, surely, we have DO reason 
to regret our inability in this instancy when natnr^ 
has so clearly pointed out a method of obtaining it 
in perfi^ction antl abundance. 



1 did not imagine that the principal of life could 
be inutated by the aid of chMnistry; but it did not 
appear to me *biurd to suf^OM that chonists 
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m^lit attain a perEsct imitatioa of inanimrie 
nabire. 

MRS. B. 

They have succeeded in this point in a varietjr 
ofinstances; bat, as yon justly obserr^ the pria- 

(uple of life, or even the minote and intimate 
organisation of tlie vegetable kingdom, are secrets 
that have almost entirely eluded the researches of 
philosophers; nor do I imagine that human art 
ffiU ever be capable of investigating them with 
complete success. 

But diamond, smce it consists of one simple 
unoi^anised substance, might b^ one vould think, 
perfectly imitable by art P 



It is sometimes as much beyond our power Co 
obtain a simple body in a state of perfect purity, as 
it is to imitate a comolicntcd combination; for the 
operations by which nature separates bodies are 
frequently as mimitable as those which she uses for 

h b Th he case with carbon; 

11 1 n 1 separate it entirely 

f m I b hi ccn fruitless, and in 

the purest state in which it can be obtained by art, 
K sull retains a portion of hydrogei^ and probably 
of toide other foreign ingredients. We are ign^ 
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rant of the means which nature employs to crj's- 
tallize it. It may probably he the work cf ages, to 
purify, arrange, and nnite the particles of carbon in 
the form of diamond. Here is some charcoal in the 
purest state we can procure it : you see that it is a 
very black, brittle, light, porous substance eiitirely 
destitute of either taste or smell. Heat, without 
air, prodoces no alteration in it, sa it is not volatile; 
but, on the contrary, it invariably remwna at the 
bottom of the vessel after all the other parts of the 
T^etable ate evapnratecl. 

SMIVS. 

Yet carbon is, no doubt, combustible, since you 
uy that charcoal would absorb oxygen if fdr were 
admitted during its preparation ? 

Unquestionably. Besides, you know, Emily, 
how mucli it is used in cooking. But pray what 
is the reason that charcoal bums witliout smoke, 
whilst a wood fire smokes so much ? 

URS. B. 

Because, in the conversion wood into char* 
coiil, the vdatile particles of the fonner have been 
evaporated. 

CABOLIHE. 

■fet.l Mfe frequently seen cbvccal burn witb 
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Game;, therefore it must, in that cas^ contain some 
hydrogen. 

MRS. B. 

Yon should recollect that charcoal, eqiedally 
that wMch. ia used for common purpo8et,-is not 
perfectly ptire. It generally retains some re- 
mains of the various other component parts of 
vegetables, aiid hydrogen particularly, which ac- 
counts for the flame in question. 

.'CilKlLIlIB.' 

But what becomes of fbe carbon itself dunng its 

combustion? - 

MRS. B. 

It gradually combines with the oxygen of the 
atmosphere, in the same way aa sulphur and phos- 
phorus, and. like those substances, it is converted 
into a pecuhar acid, which flics on iii ii irasLUUs 
form. There is this difference, liowever, that the 
acid is not, in this instance, as in l!ic two cases just 
mentioned, a mere coiuk'iisiibli; vupiiur, but a per- 
manent elastic fluid, which always remains in the 
state of gas, under any pressure and at any tem- 
perature. The nature of this acid was first ascer- 
tained by Dr. Black, of Edinburgli ; and, before 
the introduction of the new nomenclature, it was 
called Jlxed air. It is now dlstingtrished by tbe 
more impropriate name oteaiionic acid gat. 
o S 
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Carbon, then, can be volatilized by burning, 
though, bj iicat nlone, no such effect is produced? 



Yes; but then it is no longer simple carbon, but 
an acid of which carbon forms the basis. In this 
stale, carbon retains no more appcarunce of solidity 
or corporeal form, than the basis of any other gas. 
And yoa may, I tbink, from this instance, derive 
a more dear idea of the basis of the oxygen, hydro- 
gen, and nitrogen gases, the existence of whichi as 
real bodies, you seemed to doubt, because they were 
not to be obtained simply in a soli<l form. 



■ Tliat is true ; we may conceive the basis of the 
oxygen, and of the otUer gases, to be solid, heavj 
snbstancea, like carbon ; but so much expanded 
caloric as to become invisible. 



But does not the carbonic acidgas partake ofthe 
blackness of charcoal? 



Not in the least. Blackness, you know, does not 
appear to be eKeatial to carbon, and it is pare 
carixui, and not charcoal, that wo most conskter 
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bs the basis of carbonic acid. We shall make some 
carhonic add) and, in order to hasten the process^ 
ve shall bum the carbon in oxygen gas. 

EMILY. 

But do you mean, then, to bam diaraond? 

^arcoal will answer the purpose still belter, 
being softer and more easy to inflame; besides, the 
experiments on diamond nre rnther expensive. 



But is it possible to bui^ diamond? 

MBS.S. 

Yes, it is ; and in order to effect tliis combusdon, 
nothing more is required than to apply a safficient 
degree of heat by means of the blow-pipe, and of a 
stream of ox3'gen gns. Indeed it is by burning 
diamond lliat its chemical nature lins been ascer- 
tained. It has long been knou'ii .1 coiubuslible 
subslanci?, but it is uitliiii tlicsc fi;w years only that 
the product of its combustion has been proved to 
be pure carbonic acid. This remarliable discovery 
is due to Mr. Tennant. 

Now let us try to make some carbonic add. — 
Will you, Emily, decant some oxygen gas from 
this large jar into the receiver in which we are to 
o 4 



Digitized by GoOglC 



896 



burn tlie cnrbon ;. and I aba)! introdnce this email 
piece of charcoal, nith a little lighted tinder, whi«h 
will be necessary to give the firat impulse to the 

combustion. 

I cannot conceive how so small a piece of tinder, 
and that but just lighted, can raise the temperature 
of the carbon BufficieDUy to set fire to it ; fbr it can 
produce scarcely any sensible heatj and it hardly 
tondieB the carbop. 

The tinder thus Uudled has only heat enough 
to begin its own combngfi'nnj -which, however, aooti 
becomes so r^nd-in &e <ayj>en sas, to raise the 
temperature of the chi^pal snfficiNitly for this to 
bum likewise^ as vou see is now the case. 

EMiLy. 

I am surprised that tiie comoustion of carbon is 

mucLi iigiii or caionc as iihosniiBrus, or sulphur. 
^ oxygen, wliv 

jh not a uroiioriioiiaj (luaiiuiv or light aiiii heat 
disengaged from tnc decomposition ol the oxygen 
gas, and the union of its electricity with that of the 
charcoal? 

Has. B. 

It is not aurpriHDgthstleas light and heat should 
be Ubwated in this than in almost any other coin- 
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■bustion, since the oxygen, instead of entering into 
a solid or liquid combination, as it does in the 
phosphoric and sulphuric adds, is employed in 
forming another elastic fluid ; it therefore parts with 
leas of i£s caloric. 

XMn.7. 

True ; and, on second con«deradon, it spears, 
on die contrary, sinprising that the oxygen should, 
in its combination with carbon, retain a soffident 
portion of caloric to muntain both substances in a 
gaseous state. 

CAaoLItI£. 

We may then judge of the dttgree of sdiditjr in 
which o^gen is combined in a burnt body, by the 
quantity of caloric liberated during its combnstion? 

MBS.B. 

Yes; |H?oTide4 that you take into the accoiint 
the qnandly of oxygen absorbed by the combusd- 
ble body, and obserai Che proportion which the 
caloric bears to it. 

CASOUHt:. 

Bat why should the watpr, after the combu&dtat 
of carbon, rise in the recdver, unce the gas within 
it retains an aeriform state? 

MRS. B. 

Because the carbonic acid gas is gradoatly ab^ 
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Borbed by the water ; and tliis elfect would be pn>> 
■noted by sliaking the receiver. 



Tlie cliarcoal is now extinguished, though it is 
not nearly consumed; it has such an extraordinary 
avidity for oxygen, I suppose, that 
did not contain enough to satisfy the whole. 



HBS. B. 



That is certainly the case ; for if the combustion 
were performed in the exact proportions of 28 
parts of carbon to 72 of oxygen, both these ingre- 
dients would disappear, and 100 parts of carbonic 
add would b« produced. 



Carbonic add must be a very strong acid, since 
it ctffltaiiH 80 great a proportion of oxygen ? 



That h a very natunil inrorcnce ; yot it is erro- 
neous. For the carlionic is the wealicst of all ihc 
acids. The strciiglli of nil acid seems to depend 
upon the nature of its basis, and its mode of combi- 
nation, as well as upon the proportion of the addi- 
fying principle. The same quantity of oxygen that 
will convert some bodies into strong adds, will onl; 
at limply to oxydate other*. 
17 
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Since this acid is so vcak, 1 think chemists 
should have cslled it the carbonom, instead of the 
<arbonie add. 

KMII.T. 

Bu^ I suppose, the cerbonous add is still weaker, 
and IB formed by burning carbon in atmospherical 

MBS. B. . 

It haa been lately discovered, that carbon may 
be converted into a gas, by uniting with a smaller 
proportion of oxygen; but as this gas <Ioes not 
possess anj add properties it is no more than an 
■oxyd ; it h called ^seeus ^ earion. 

CABOLIME. 

Praj is not carbonic acid a very wholesome gas 
to breathe, as it contains so much oxygen ? 

HKS. B. 

On the contrary, it is extremely pemidous. 
Oxygen, when in a state of combination with other 
substances,, loses, in almost every instance, its re- 
spirable properties, and the salubrious effects whicii 
it has on the animal economy when in iu uncon- 
fined state. Carbonic add is not only unfit for 
respiration, bnt extremdjr ddeterious if taken into 
the Inngs, 
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Yoli know, Cavuliiif, hon- «xiy univlnjlcsome 
the fumes of burning charcoal are reckoned. 

CAROLIHB. 

Yes ; but to confess the truth, I did not con- 
sider that a charcosl fire produced cacfoonic add 
gas. — Can 4his gas be condensed into a liquid ? 



^o: for, w 1 told you before, it is a permtment 
elastic fluid. But water can absorb a c^-Uin 
quantity of this gas, and can even be impregnated 
with it, in a very strong degree, by the assistance 
of ablation and pressure, as 1 am going to show 
you. I shall decant some carbonic acid gas into 
this bottle, which 1 fill first with water, in order tu 
exclude the atmospherical air ; the gas is then in- 
troduced through the water, which you see it dis- 
places, for it will not mix with it in any quantity, 
unless strongly agitated, or allowed to stand over 
it for Mxue time. The bottle is now abont half full 
of carbonic add gat, and the other half is sdll occu- 
pied by the water. By corking the bottl^ aad then 
violently shaking it, in this way, I can mix the gas 
and water together. — Now will you taste it 7 

BMaT.- 

It has a distinct add taste. 

16 
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CAItOUSS> 

\ Ve^ it is Hnnbly soar, and appears full of Uttle 
bubbles. " 

It possesiei likenbe all the other properties of 
atadi, but of conrse, in a less degree tlian the pure 
carbonic acid gas, as it is so much diluted by h ater. 

This ie a kind of arti6cial Sellzer water. By 
analysing that which is produced by nntiirc, it was 
found to contain scarcely any tiling more tlinn com- 
mon water impregnated with a certain proportion 
of carbonic acid gas. We are, therefore, able to 
imitate it, by mising tbose proportions of water 
and carbonic acid. Here, toy dear, is an instance 
In which, by a chemical process, we can exactly 
copy the operaliom of nature; for the anificial 
Seltzer waters can be made in every respect similar 
to those of nature; in one point, indeed, the for- 
mer have an advantage, since they may be pre- 
pared stronger or weaker, as occasion requires. 

CAKOUNZ. 

I tboDght I had tasted such water before. But 
what renders it so brisk and sparkling? 

This sparkling, or efferv^cence, as it is called, 
is always occa^oned by the action of an elos^c 
fluid escaping from a liquid ; in tlie artificial Seltzer 
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water, it is proJuced by the carbonic acid, which 
being lighter than the water in which it was 
strongly coiidensEiI, flies off with great rapidity 
the instant the bottle is uncoikod ; tlii'i makes it 
necessary to drink it iinnicdiatcly. The bubbling 
that took place in this botilu was but tiifling, as the 
water was but very slightly impregnated with car- 
bonic acid. It requires a, particular apparatus to 
prepare the gaseotas ardficial mineral waters. 



If, then, a bottle of Seltzer water remains for 
any length of time uncorked, 1 suppose it returns 
to the stale of common water? 



The whole of the carbonic aciii gas, or very 
nearly so, will soon dis^pear ; but there is like- 
wise ia Seltzer water a very small quantity of soda, 
and of a few other saline or earthy ingredients, 
which will remain is the water, though it shouU 
be kept uncorked for any length of time. 

CAROLINE. 

I have often heard of people drinking soda- 
water. Pray what sort of water is that? 

MRS. B. 



It is a Und of artificial Sdtzer water, liolding 
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ih Bolntion, beaidea the gaaeom acid) a particnlor 
sftline subdanc^ called soda, which imparts to the 
water certaia medidnal qualities. 

CAROUITE. 

But how can these waters be BO wholesome, since 
carbonic acid is so pernicious? 



A ^is, we may conceive, though verji prejudiciHl 
to breathe, maj be beneficial to the stomach. — 
But it would be of no use to attempt explaining 
this more fhlly at present. 

CAROLINE. 

Are waters never impregnated with other gases ? 

MBS. B. 

Vcs; there arc several kinds of gaseous waters. 
I forgot to leil you that waters hav^ for some years 
past, been pieiiiircd, impregnated both with oxygen 
and hydrogen gases. Tliese are not an imitation 
ol nature, but are altogether obtained by artificial 
means. They have been lately used medicinally, 
particularly on the continent, where, I understand, 
they haTe acquired some repntHtion. 

EMILY. 

If I rectdlect rights Mrs. B., you told us that 
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''carbon vss capable of decompound wat^ ; die 
allliiiitj' between oxygen and ca^xoi mmt^ there- 
fore, be greater than between oxygea and bj- 



Yes; but tbis is not the case, unless their tem- 
perature be raised to a certuu decree. It is only 
when carbon is red-faot, that it is capable of separ- 
'aling the oxygen from the hydrogen. Thus, if a 
hobI) quantity of water be thrown on a red-hot 
fire, it will increase rather than extinguish the 
GontbusUon; ibr the coals or wood, (both of which 
contain a quantity of cartran,) decompose the water, 
and thu* supply the fire both with oxygen and hy- 
drograt ^ises. If, on the contrary, a lai^ mass of 
water be thrown over the fire, the diminution of 
heat thus produced is such, that the combustible 
matter loses the power of decomposing the water, 
Bod the fire is extinguished. 

EMILY. 

I liave liearcS tliat 6i'e-engines sometimes do 
more harm than good, am! that they actually in- 
crease the fire wlien they cannot throw water enough 
to extinguish it. It must be owing, no doubt, to 
the decomposition of the water by the carbon 
daring the conflagration. 
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USS. B. 

Certaialy. — The apparatus whidi j'ou see here 
(Plate XI. fig. 3.)) may be used to exemplify 
what ne have just said. It consists in a kind of 
open furnace, through which a porcelain tube, 
containing charcoal, passes. To one end of tlie 
tube is adapted a glass retort with water in it ; 
and the other end communicates with a receiver 
placed on the water-bath. A lamp being applied 
to the retort, and the water made to boil, the 
vapour is graduaUy conveyed through die red-hot 
charcoal, by which it is decomposed; and the 
hydrogen gas, which resnlts from this decompo- 
sition, is collected in the receiver. But the hydro- 
gen thus obtained is far from being pure; it 
retains in solution a minute portion of carbon, and 
contmns also a quantity of carbonic acid. This 
renders it heavier than pure hydrogen gas, and 
^ves it some peculiar prc^erties : it is digtin- 
gtushed by. the^ name of carbonated hydrogen 
gas. 

UBOLIHE. 

And irhence dpe^ it <Atain tfae carbonic acid tliat 
is mix^ with it ? 



I believe I can answer that question, daroUne. 
— Fmm the union of the oxj^d (proceeding from 
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the decomposed water) with the carbon, whieb, you 
know, makes carbonic add. 

CAB oil NE. 

True: I should have recollected that. — The 
product of the deconijMEition of ivnler by red-hot 
charcoal, therefore, is carbonated hydrogen gas, 
and carbonic acid gas. 

mta. B. 

You are perfectly righ^ now. 

Carbon is frequently found combined with 
hydrogen in a state of solidity, especially in coals, 
^^hic!l owe tlieir combustible nature to these two 

principles. 

KUILT. 

la it the hydrogen, then, that produces the flame 

of coals ? 

It is so i and when all the hydrogen is consumed, 
the carbon continues to burn uiihout ilame. But 
ngain, as I mentioned wlicn speaking of the gas- 
lights, the liydrogen gas produced by tlie burning 
of coals is not pure: for, during the conibustion" 
particles of carbon are successively volatilized with 
the hydrogen, with which they fi»rm what is called 
a hydriM:arbomt, whidi is the priodpal prodact of 
this combustion. 

Carbon is a very bad conductor of heat j for 
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this reason, it is employed (in conjunction with 
other ingredients) for coating fumacci and other 
chemicfd apparatus. 

Pray what is the use of co^ng fomaces? 



In most cases in which a furnace is used, it is 
necessary to produce and preserve a great degree 
of heatj foe which purpose every possible means 
are used to prev«it the heat from es*caping hj com- 
municating with other bodies, and this object is at- 
tained by coating over the inside of the furnace 
wilh a kind of pLister, composed of materials that 
are bad conductors of heat. 

Carbon, combined with a small quantity of iron, 
forms a componnd called plumbago, or black-lead, 
of which pendU are made. This substance, agree- 
ably to the nomenclature, is a carburet of iron. 

EMILY. 

Why, then, Is it called black-lead ? 

It is an ancient name given to it by ignorant 
people, from its shining metallic appearance; but 
it is certainly a most improper name for it, aa 
there is not n particle of lead in the composition. 
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There u Qfily one mine oF this mineral, which ii 
In Cnmbeo'liuid. It i» sniqmsed to approach as 
nearly to pure carbon as the beat prepared char- 
coal does, as it contains only five parts of iron, 
unadulterated by any other foreign ingredients. 
There is another carburet of iron, in wliich the 
irOD, though united only to an extremely small 
proportion of carbon, acquires very remarkable 
pn^iertiea: this is steel. 



Really ; and yet steel is much harder than iron? 



But carbon is not ductile like iron, and tlicre- 
fore may render the steel more brittle, and pre- 
vent its bending so easily. Whether it is that the 
carbon, by iutrodiloiDg itself into the pcares of the 
iron, and> by filling them, make* the metal both 
harder and heavier; or whether this change 
depends upon some chemical cause, I cannot pre- 
tend to decide. But there is a subsequent oper- 
ation, by wliicb the hardness of steel is very much 
incrcastil, which simply consists in heating tlic 
steel till it i, red-hot, and then plunging it into 

Carbon, besides the combination just nienlioned, 
enters into the composition of a vast number of 
tiatnral productions! such, for instancy as all the 
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various kinds of oils, whidi result from the combin- 
ation of carbon, hydrogen, and caloric^ in vaiiaus 
proportions. 

EMILT. 

I thonglit that (»rbon, bjdrogeni and cabric, 
formed carbonated hj;drogen gas. 

Tliat is the case when a sniall portion of car- 
bonic acid gas is held in siilution by hj'drogen gas. 
Difterent proportions of tiie same principles, to- 
gether with tbe circumstances of their union, pro- 
duce very different combinations ; of this you will 
_ ...see- innOMKrable examples. BesideS) we are not 
now talking of gases, but of carbon and hydro- 
gen, combined only with a quantity of caloric, 
efficient to bring them to the consist^cy of oil 
orfat 

CAROLINE. 

But oil and fat are not of the same conuitei)ce ? . 

MES. B, 

Fat is only congealed oil ; or oil, melted fat. 
The one rcquii'i.'i; a lillie more heat to maintain it 
in a fluid state than the other. I^ave you never 
observed the fat of meat turned to oil by the caloiic 
)t hag imbibed from the fi|«?. 
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EMILY. 

Yet talt in general, as salad-oil, and lamp-oil, do 
not turn to Tet when cold ? 

MRS. B. 

Not at tlie common temperatnre of the atmo- 
sphere, because thej retain too much caloric to 
congeal at that temperature; but if csposed to a 
sufficient degree of cold, ihclr liitciit heat is extri- 
cated, and they become svVid I'at substances. Have 
you never seen salad-oil frozen in winter ? 

Yes ; but it appears to tne in that state very dif- 
ferent from animal hu 

: ~, MRS. B. 

The essential constituent parts of either vege- 
table or animal oils are the same, carbon and 
hydrogen; tbeir variety arises from the different 
proportions of these substances, nnd from other 
accessory ingredients that aiay be niixcd with 
them. The oil of a whale, and tlie oil of roses, 
are, in their essential constituent part!!, tlio same ; 
but the one is impregnated with the oSensive par- 
ticles of animal matter, the other nith the dcJioate 
perfame of a flower. 

The difference of^ed oils, and volatile or etien- 
tiai oilt, condsts also in the various proportions of 
carlxm and hydrogen. Fixed oils are those which 
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will not evaporate without being dccompoied; 
this IB the caee with all common oils, which 
contain a greater proportion of carbon than the 

essential oils. Tlje essential oils (wliich compre- 
hend the ivliolc cla^s of essences and perfumes) 
are lighter; ilicy contain more equal proporliona 
of carbon and hydrogen, and are volatilized or 
evaporated without being decomposed. 

When you say that one kind of oil will evapo- 
rate and the other be decompoEed, you mean, I 
suppose, by the application of Iieat? 

MRS. B. 

Not necessarily ; for there are oils that will eva- 
porate slowljr at the common tempemtnre of the 
atmosphere ; but for a more rapid volatilization, or 
for thdr decomposition^ the assistance of heat is 
required. 

CAnoLiNE. 

I siiall now remember, I think, that fat and oil 
are really the same substances, both consisting of 
carbon and hydrogen ; that in fixed oils the car- 
bon preponderates, and heat produces a deooin- 
position; while, in eEsential oils, the proportion of 
hydrogen is greater, and heat produces a voIaUIi- 
zation only. 

I. suppose the reason why oil burns so well in 



Digitized by GoOgle 



^12 CaXBOH. 

lamps i* because its two ccmttkneiits ok bo am" 

taifiUWi? - . .' 

-MBS. B. " " 

' Certainly; the combustion of oil is juit'die same 
ae that of a Candle; if talloV, it is onljr oil in a emi- 
c*ete state ; if vrsX, or sperfnaceti, iti' chief chemf-' 
c&I ingredients are SlJII hydr(^;«i and carbon.' 

EUILY. 

I wonder, then, there should be so great a dif- 
ference between tallow and wax? 



I must ogaiii repeat, ttmt tJie same substances, 
in (liffermt prajiortion^, pfoiluce results lhat 
have soiriL'tiijii^s scarcely any resemblance to each 
other. But this is rather a genera! remark that I 
irisb'to impress upon yoar minds, than one which 
is applicable to the present case; for tallow and* 
wax are br from being very dissimilar ; the chief 
difference comiBts in the wax being a purer com- 
pound of carbon and hydrogen than the tallow, ■ 
which retains more of the gross particles of animal 
matter. The combustion of a candle, and tjiattf - 
a >flipt .both pFo^tfce ««t«r md earbcMdo acid gas. 
Can ypv me' how these are formed ?. 

'Let me re^t.. . . ., @ptb tbe. cwdle and l^p 
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bum by means of fixed oil — this is decomposad as 
the combustion goes on ; and the constituent parts 
of the oil being ihus separated, the carbon unites 
with a portion of oxygen from the atmosphere to 
form carbonic nciii ga-", ivliilst thu Itj Jrogen coni- 
bines with another portion of oxygen, and forms 
witii, it water, — The proilocts, therefore, of , the 
cbmbostion of oil^, arc n aler And carbonic odd 

CAROLINE. 

But' we see neither water not carbonic acid pro- 
duced b; die cotnbnstitm of a candle. 

URS. B. . -. *- 

The carbonic acid ga% you know, is innaible, 
and the water being in a state of vapour, is so like- 
wise. Emily is perfectly correct in bet explana- 
tion, and I am very much pleased with it. 

All the vegetable acids consist of various pro- 
portions of carbon and hydrogen, acidified by 
4»Lygen. Gums, sngar, and starch, are likewise 
composed of these ingredients; but, as tiie oxygen 
which they contain is not sufficient to convert thera 
into acid*, tbey are cUtBsed with the oxyd% >nd 
cdlcd T(!getable oxyds. 

CkBOUXS. 

I am eztredie^ deiij^tfd wttfa all these bev 
rou I. p 
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idau ; bn^ at the same timei I cannot h^RK 
xpptdienaYe that I may forget many <^ tben. 



I would advise you to take notes, of) what would 
answer better still, to write dowfl) after every lesson, 
as much or it as you can recollect. And, in order 
to give you a little assistance I shall lend yon the 
beads or index, which I occawonaQy cwwdt for 
the sake of preserving some method and arraiigt- 
ment in theie conversations. Unless you follow 
Rome anch plan, yon cannot expect to retun neariy 
all that you learn, how great soever be the impres- 
sion it may make on you at first. 

EUII.Y. 

I will certainly follow your advice. — Hitherto 
I have found that I recollected, pretty well, what 
you have taught us ; but the history of carbon is 
a more extensive subject than any of the simple 
bodSes we bAve yet examined. 

MBS. B> 

I bav6 litde more to say on cwrbcai at present; 
bnt bereaftK you will see that it performs a con- 
admaUe part in most cbemical opentiam. 

CABOUME, 

■ TkHt ii, I suppose, owiqg to tta ntmMg iota 
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*■ oonpod&m of to gr«at « wrietv rf nib. 
■tancM? . . 

HB8. B. 

Certainly; it is the bads, you have seen; of all 
vegetable matter ; and you wffl Gad that ft is very 
essentia] to the process of animnlization. But in 
the mineral kingdom also, particularly in iis form 
of carbonic acid, we shail often discover it com- 
bined with a great variety of substances. 

In chemical operations, carbon is particularly 
useful, from its very great Hltroclion for oxygen, 
as it will nbsorfo thi« substance from many oxyge- 
nated or bamt bodies, and thus deoxygenate, 
or wOum them, and restore them to their original 
combaitible state. ' 

CAROUHE. 

I do not undwstand how a body con be uniimtf, 
and restored to its origuial state. Tbis piece of 
tinder, for instance, that has been burnt, if by 

any means the oxygen were extracted from it, 
would not be rcstoied to its former siale of linen; 
for Its texture is destroyed by burning, and that 
must be tlje case with all organized or maouiac- 
tored substances, aa you obwrred in a former con- 

MBS. B. 

A ocunpound body ii deoompoied by combus- 
tion in a mr n^ g«i«aUy predode* the po». 
P 2 
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sibilitj' of reiCoring it to itt former itK»t the 
oxygen, for instance, does not become fixed in the 
liuder, but it combiDes with its volatile parts, snd 
flies off in the shape of gas, or watery vapour. 
You see, therefore, how vain it would be to attempt 
the recomposition of such bodies. But, with regard 
to »mp1e bodies, or .it least bodies whose _coin- 
ponHit portB are not disturbed by the process of 
oxygemtion or deoxvgcnation. it is otteu possible 
. to restore them, arter combustion, to ilieir original 
stute. — The metals, for mstance, undergo no other 
alteration by combustion than a combination willi 
oxygen ; theiefore, when the oxygen is taken from 
them, they return to their pure metallic state. But 
I shall say nothing further of this at present, as the 
metals will furnish ample subject for another morn- 
ing ; and they are the class of ^mple bodies thot 
ccHoe next umiBr coiuideration. 



CONVERSATION X. 

OS UETAI.S. 



MBS. B. 

Tiie UETALS which ve are now to examine, are 
bodies of B very ilifTerent nature from those which 
wehavebitberto considered. They do not, like the 
basea of gases, elude the immediate observation of 
our Beoses; for, they are tlie most brilliant, the 
moat ponderous, ami die most palpable eubBEaacei 

I doubt, however, whether the mctala will ^^leac 
to us so interesting, and give us so much eatertain- 
ment as those mysterious elements which conCeal 
.tbemsdves Irom our view. Besides, they caqnot 
sBbrd so much novehy ; they are bodies with wbfch 
we are already so well acquainted. 



You are not aware, my dear, of tlie iulcresting 
discoveries which were a few years ngo made by 
•Sir H. Davy respecdng this class of bodies. By 
the tid of the Voltaic battery, he has obtained from 
p 3 
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a varie^ oFiabibinGes, metals before unknoWil, the 
properties of whidi are equally new and enrioUB. 

We sIibU be^i), however, hj noticing those metals 
with which you profess to be so well acquainted. 
But the acquaintance, you will soon perceive, is but 
very superficial ; and I trust that you will find 
both novelty and entertainment in considering the 
metals in a chemical point of view. To treat of 
this subject fully, would require a whole course of 
lectures; for metals form of themselves a most 
important branch of prai^cal chemutry. We 
mxiet, therefore, confine ouraelves to a gmaml 
Tiev of them. These bodies are seldom found 
natDrally in their metallic form : they are gene- 
rally more or less oxygenated or combined wltk 
sulphur, earths, or acids, and ere oii^n blended 
with each other. They are found buried in the 
bowels of the earth in most parts <^ the world, 
bnt chiefly in mountainous districts, where the 
snrfiice of the g^obe has been disturbed by earth- 
quakec, volcanoes, and other convulsions of natuee. 
Th^ are spread in strata or beds, called veins, 
and these veins are composed of a certain quantity 
of metal) combined with various earthy substances, 
with which they form minerals of di&rent nature 
and appearance, which are'called ores. 



I now feei qaite at home, for ray ^Uiet has 
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ft lead-mine in Yorkshire, and I bam heard a 
great deal about veins of or^ and of the roast- 
ing and smelting of the leadj but, I confess, that 
I do not understand in what these operations 
GonuBt 

MRS. B. 

Roasting ia the process by which the volatile 
parts of the ore are evaporated ; smelting, iliat 
by which the pure metal is afterwards separated 
from the earthy remains of the ore. This is done 
by throwing the whole into a fiimace, and niixing 
with it certain substances that will combine with 
the earthy parts and other foreign ingredieiUB of 
the ore; the metal bang the heavies^ &11b to the 
bottom, aiid nms (nit by proper (fienings in its pore 
metallic state. 

EMILY. 

Yon told us ia a {uvceding lesson that metals 
bad a great affim^ for o^goi. Do Hiey not, 
tbetefei^ combine with oxygen, when Wrongly 
' heated in the fbmace, and mn oat in the state of 

No i for the scoriiK, or oxyd, which soon forms 
on tiie surface of the I'lisei] metal, when it is oxyd- 
able, prevents the air from having any further 
influence on the mass; so that neither combastian 
nor <aygeaation can take place. 
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CAROUNE. ■ - 

Are all the medals equoll; eomfauiUble ? 

HBS. B. 

Ko ; their attrat^on for oxygen varkt eirtremely. 
There are aome that will conihine with it only at 
a very high temperature, or by the sBUStance of 
acids; whilst there are others that oxydate apbn- 
taneondy and with great rapidity, even at the lowest 
temperatiirej such is, in particular, manganes^ 
which scarcely ever exists in the metallic stste, as 
it immediately absorbs oxygen on hang exposed ' 
to the air, and cnimbfes to an oxyd m the course 
of a 'few hours. 

Is not tbat the oxyd from which yon extracted 

the oxygen gas? 

MUS. B. 

It is; so thai, jou see, ihis metal attracts 
oxygen at a low temperature, and parts with it 
when strongly heated. 

Is tltere any other metal that oxydates at the 
tanperatnte of the atmosphere ? 

uns. B. 

Tbey all do, more or less, excepting gold, ulvei^ 
and [daUna. 
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Copper, lead, and iron, oxydatc slowly in the 
air, and cover lliemeelvca with a sort of rust, a 
process whicii depends on the gradual conversion 
of the surface into an oxyd. This rusty sur&cc 
preserves the interior melal from oxydalion, u it 
prevents the air from coming in contact with it. 
Strictly speaking, however, the word rust applies 
only to the oxyd, which forms on the snr&ce of 
iron, when exposed to air and moisture^ which 
onyd appears to be anited with a small portion of 
cubonic acid. 

EUILT. 

When metals oxydate from the atmoii^ere 
witbmit Ml elevation of teini)eratur% some light 
and heal^ I suppose, mnst be disengaged, thon^ 
not in sufficient quantities to be eendble. 



Undoubtedly; and, indeed, it k not surprising 
thai, in this case, the light and heat should not be 
sensible, when you consider how extremely skFW, 
nnd, indeed, how imperfectly, most metals oxydat^ 
|)y mere exposure to the atmosphere. For the 
quantity of oxygen wiUt which nfetals are capable 
of combining, generally depends upon their tem- 
perature ; and the absorptioa stops at varioos pointa 
ot oxydation, according to the degree to whidi 
their temperature is rused. 

P 5 
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atax. 

That soems very natural j for the greater the 
quantity of caloric introduced into a metal, tlie more 
will ill positive electricity be exalted, and conse- 
quently the stronger will be its affinity for oxygen. 

MHS. B. 

Certainly. When the metal oxygenates with 
sufficient rapidity for light and heat to become 
sensible, combustion actunlly takes place. But 
this happens only at very high temperatures, and 
the product is neverthdeaa an oxyd; for tfaou^ 
BB I have just auA, metaU will combine with dif- 
ferent proportions of oxygen, yet with the excep- 
tion of only five of ihem, they are not susceptible 
of acidificatioH. 

Metals change coiour during the different degrees 
of oxydation which they undergo. Lead, when 
heated in contact with the atmosphere, first be- 
comes grey; if its temperature be then raised, it 
turns yellow, and a still stronger heat changes it to 
rod.. And U is even capable of a stronger degree 
of (ucydatioui in which the oxyd is puce coloured. 
Iron becomes successively a green, brown, and 
white oxyd. Copper changes from brown to blue, 
and lastly green. 

EMILY. 

Pray, is the white Irad with which houses are 
punted prepared by o^datiiq[ Uai? 

. . B 
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' Nbt roMrdf hy oxjdaiing, hut beii^ slso 
united with carbonic arid. It U a carbonat aS 
lead. The mere oxyd of lead is called red kad. 

Litharge is another oxyd of lead, contaiiUDg lew 
oxygen. Almost all the metallic oxyds are Dsed 
as paints. The various sorts of ochres consist 
chiefly of iron more or less oxydated. And it is a 
remarkable circumstance, that if you bum metals 
rapidly, the light or flame they emit during coit>- 
bnstion partakes of the colours which the oxyd 
Hcceauvdy BMumes. ... 

CAROLINE. 

How is that accounted for, Mra. 6., unce'Iigbt 
does not proceed from the burning body, but from 
the decomposition of the oxygen gas ? 

MRS. E. 

The correspondence of the colour of the light 
with that of the oxyd which omits it, is, in all pro- 
babililyi owing to some particles of the metal which 
are v<datilised and carried offby the caloric. 

CAROLINE. 

It is then a sort of metallic gas. 

SIOLY. 

Why is it rec^Hied to Dowbdesome to breathe 
the air (rf ft phce in whidi.aititsis are mating? 
V 6 
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KBS. B. 

Ferfaaps die notion is too generally entertained. 
But it is true with respect to lead, and some other 
noxioiu metals, because, unleu care be taken, the 
particles of the oxyd which are rolatiliied by the 
heat are inhaled with tlie breath, and may pro-' 
ddce dangerous eiTect;. 

I must show you some iiiatatices of the combus- 
tion of metals ; it ivould require the Kent of a fur- 
nace to make them burn in the common air, but if 
supply them with a stream of oxygen gai, we 
may eauly 8ccompli»b it. 

CARDUHE. 

It will (till, I auppcM^ be necessary ia some de- 
gree to raise theit temperature? 

MSB. B. 

This, as you shall sec, is very easily done, parti- 
cularly if the experiment be tried upon a small 
!»:ale. — I begin by lighting this piece of diarcoal 
wilh the candle, and then increase the rapidity of 
its combustion by blowing upon it with a blow-ptpe. 
(Plate XIL fig. 1.) 

BUILT. 

That I do not understand ; fiir it is not eteiy 
Idnd of air, bat merely oxygen gas, that produces 
coqbustiou. Now yon: said that in breathing we 



^pp/mUui fir ■Ad catJ^tttiav of 
metals by ntems ef oaygai-yas. 

Fig.-. . 
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inspired, bat did not expir« osygen gas. Wbj^ 
therefore, doutd the air which ;on breathe thnmgfa 
the blow-pipe promote the comboBtion of the char- 
coal? 



Because tbe air, which has but once paeacd ' 
through the lungs, is yet but tittle altered, a small 
portion only of its oxygen being destroyed ; so that 
B great deal more is gained by increasing tlie rapi- 
dity of the current, by means of the blow-pipe, 
than is lost in consequence of the air pasnng once 
through the Innga, as you ^all see— 

Yet, indeed, it makes the charcoal bum much 
bdghter. 

Whilst it is red-hot, I shall drop some iron filings 
on it, and supply them with a current of oxj-gen 
gas, by means of this apparatus, (Plate XII. 
fig. 2.) which consists simply of a closed tin cylin- 
drical vessel, full of oxygen gas, with two apertures 
and stop-cocks, by one of which a stream of water 
is thrown into the vessel through a long funnel, 
whilst by the other the gas is forced out throng^ 
a blow-pipe adapted to as die water guns admit- 
tanca— Now that I pour water into the fijnaal, 
jaa may hear the gas issuing from the blow-pipe— 
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I bring the cWcoal doecf to llie earroi^ and Scop 
the fiUi^ opon it— 

CAROLIKE. 

Thejr emit much the saUe virid as the com- 
biutioii of the iron wire in oxygen gas. 

URS. B. 

The process is, in fact, the same ; [here is only 
some difference in the mode of coiiduciliig it. Let 
us burn some tin in the same manner —you see that 
it IB equally combustible. — Let us now try some 
copper — 

Tlu* bnnu with a greenish flame; it iiv I rap- 
pose, owing to the colour of the oxyd? 

Vray, shall we not also bnm some gold ? 

That is not in our pomi^ at least in this way. 
Gdd, eHver, and platioa, ore incapable of being 
ox^rdaled by the greatest heat that we can produce 
by the common method. It isifrom ihia GircDiB* 
stance that they have bera caUed perfect joetals. 
Even theie> famrever, hare an'affim^. tor oaj^enj 
bnt'th^ oaydatioB or enDboriitti eaii be pa>- 
bnaeA only by means of adds or hy tiMtiict^. 
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The spark given out by the Voltaic battery pro- 
duces at the point of contact a greater degree of 
heat than any other process ; and it is at this very 
high temperature only that the affinity of these 
metals for oxygen will enable them to act on each 
other, 

I am sorry that I cannot show you the combug- 
^on of the perfect metals by this process, but it 
req^airea a ccHuidefable Volluc battery. You will 
see these experiments performed in the most per- 
fect itUHiner, when you attend the chemical lectures 
nf the Royal Institution. But in the mean time I 
caoi without difficulty, show you an ingenious 
apparatus lately contrived for the purpose of pro- 
ducing intense heats, the power of nhich nearly 
equals that of the largest Voltaic batteries, ]t 
simply consists, you see, in a strong box, made of 
iron or copper, (Plate X. fig. 2.) to which may 
be adapted this air-syringe or condensing-pump, 
and a stop-cock terminating in a small orifice simi- 
lar to that of a blow-pipe. By working the con- 
densing syringe up and . down in this manner, a 
^piantity of ^r is accnraulated in the vessel, which 
may be inoreaaed to ^most any extent ; so that, if 
iw mnr ttirh the stcp-cock, the condensed air wiH 
rush out, forming a:jet considerable force; and 
if we place the flame of « lamp in the current, yon 
will we hmt viokntfythe fiame is drirea in that 
Erection. 
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CAKOUNB. 

It seemi to be exactly the same effect as that of 
a blow-pipe worked by the mouth, only niiich 

Yes; oLid the inilrumciil has tlus additional 
adrantage, that it does not fatigue the mouth and 
lungs like the common blow-pipe, aod requires no 
art' in blowing. 

MRS. B. 

Unqueitionably ; bat yet this blow-pipe would 
be of very limited utility, if its energy and powef 
could not be greatly increased by some other con- 
trrranCe. Can you imagine any mode of producing 
■uch an effect ? 

Could not the reservoir be charged with pure 
oxygen, instead of common sir, as in the case of 
'ihe gas-holder? 

MIIS.B. 

. Undoubtedly; this is predsely the contrivance 
I allude tJ>. The vessel need only l>e sup- 
plied with air from a bladder full of oxygen, 
instead of the air of the room, and this, you see, 
may be easily done by screwing (lie bladder on ihe 
upper part of the syringe, so tliat, in working the 
syringe, the oxygen gas is forced'from the bladder 
into the condoiung vessel. 
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CAROLINE. 

With the aid of this small apparatus, therefore, 
we could obtain the lame effects as those we have 
just produced with the got-holder, by means of a 
ctdnmn of vater forcing the gas out of it ? 



Yes; and miicii more conveniently bo. -But there 
is a mode of using this apparatus, hy which moK 
powerful ef&cts slill may be obtained. It conusts 
in condensing in the reservoir, not oxygen alonCt 
but a mixture of oxygen and hydrogen in the exect 
proportion in which they unite to produce water ; 
and then kindling the jet formed by the mixed gases. 
The heat disengaged by this combustion, without 
the help of any lamp, is probably the most intense 
known ; and various effects are said to have been 
obtained from it which exceed all enpectation. 

CAItOLINE. 

Bnt why ehonld we not try this exp«riiilent'? 

, Becanse it is not exetii|it fViiiii danger; thecom- 
btlttion(notwithstanding various conuivances which 
Jiave been resorted lo with a view to prercnt acci- 
dent) being apt to penetrate into the inside of 
the vessel, and to produce a dangerous and violent 
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explosion. — We shall, therefore, now proceed in 
fHir subject. 

CAROLINE. 

I think jou uid the oxyds of metals could be 
restored to th^ metallic state ? 

KBS.B. 

Yes; this operation ncfdledrmiit)^ a metal. Me- 
tals are in graieral c^aUe of b^g revived by chap- 
coalgwhen heated red hot, charcoal having a greater 
attraction for oxygen than the metals. You need 
only, therefore, decompose or nsbum the osyd, 
depriving it of its axygeo, and tbe metal vrill be 
restored to its pnre state. 

EUtJ-T. 

But mil the carbcHi, by tbii prooesi, be bnm^ 
and be ccmverted into CBrbonic acid ? - 

Ccrt»n1y. There are other combustible sub- 
stances to which mctaU at a high temperature will 
part with their oxygen. They will also yield it to 
each other, according to thdr several degrees of 
attraction for it ; and if the oxygen goes into a more 
dcDBe state in the metal vhich it enters, than it 
«cuted in that whidi it qnits, a proportional disei^ 
gagenMutof caloric will take place. 
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CAROLINE. 

And cannot tlic oxyds of gold, silver, and pla- 
tina, which are formed by means of acids or of the 
electric fluid, be restored Co their metallic state? 

Yes, tbey may; and the intervention of a oom- 
buttible body ia not reqtured ; heat alone will take 
the oxygen from them, convert it into a gas, and 
revive the metal. 

Yon said that rust was an oxyd of iron ; how is 
it, then, that water, or merely dampness, produces 
which, yoa know, it very irequentty does on 
Bteel gratee, or any iron instruments? 

MRa.B. 

Iti that case the tnetal decompMes the water, 
or dampness (which is nothing but water in a state 

of vapour), and obtains the oxygen from it. 

I thought that it was necessary to bring metals 
to a very high temperature to enable them to de- 

MRS. B. 

It is so, if it is required diat the process should 
be performed rapidly, and if any craniderable 
quantity is to be' decomposed. Ros^ yon know, 
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is sometimes months ia fonnii^ and thea it is bnly 
the Biirbce of the metal that is ozjdated. 

Mclali, then, that do not rust, are incapable cS 
qiontaneoui oxydatkH), dtfaer hy air or water ? 

MRS. B. ' ' 

Yes ; and this ia the csk with the perfect metals, 
'which, on that accotint, preserve their metallic 
lustre so well. 

SMILV. 

Are all metals enable of decomposing waterj 
provided their temperature be sufficiently raised? 

No; a certain degree of attraction is requisite, 
beudes the assistance of heaL Water, you recol- 
lact) ia composed of oxygen and hydrogen ; and, 
unless the affinity of tile metal for oxygen be 
stronger than that of hydrogen, it is in vain thnt 
we raise its temperature, for it cannot tnke the 
oxygen from the hydrogen. Iron, zinc, tin, and 
antimony, have a stronger affinity for OKygen than 
liydrogen has, therefore these four metals are 
capable of decomposing water. But hydrogen, 
having an advantage over all the other metals with 
reaped to lis afSnity for oxygeni it not Only widi- 
hddi its ojcygen from thero> but is even csfmbl^ 
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under certRin circumstances, of taking the oxj^en 
from the m^ds of these metals. 

EUILT. 

' I confess that I do not q^ite undentBud wby 
hydrogen can take oxygen from those metata which 

do not decompose water. 

CAnOLIKE. 

Now I think I do perfectly. Lead, for instancy 
will not decompose water, because it has not so 
strong an attraction for oxygen as hydrogen lias. 
Well, then, suppose the lead lo bo in a state of 
oxyd ; hydrogen will take the oxygen from the 
lead, and unite with it to form water, becMM 
hydrogen has a stronger attraction for ox^en, 
than oxygen haa for lead; and it ia the anne 
.with all the other metals which do not decompose 
,water. , 

EMILT. 

I nnderstand your explanation, Caroline, very 
irell ; and I imagine that it is beoaaw lesd cactiot 
decompose water that it is so much employed far 
^ipes for Gonvc^ng that fltdd. 

' MRS. B. 

Certainly t lead is, on that account, particularly 
i^q)T<^>Tiate to such 'pnrpocea ; whil^ on the con- 
trary, tfa^ metal] if it was tnydable by mibtr. 
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would inqiort to it very noxious qualities ai all 
as.j6s of lead ore more or less pernicious. 

But, with regard to the oxydation of metals, the 
moatpowerfbl mode of effecting it, is by meant of 
adds. The«^ you know, contain a much greater 
proportion of oxygen than «ther air or water; 
and will, most of them, easily yield it to m^als. 

Thill, you recollect, the unc plates of the Voltaic 
battery are o^rdated the adi and water, much 
more effectually than by water alone. 



And I have oflen observed that if I drop vine- 
gar, lemon, or any acid on the blade of a knife, or 
on a pair of GcisBsrs, it will immediately [nroduce a 
aqxitd'rntL 



Metals have) dien, three ways of obtainii^ o^ 
geni from the atmosphere from wato, and from 
adds. 

UBS. B. 

Tha two first you have already witnessed, and 
I shall now show you how metals take the oxygen 
from an add. This bottle contains nitric addf 
I sball pour some of it over this piece of coppo- 



CAROLTNE. 



EHILT. 



leaf. 



CABOUKE. 



Ob, what a disagreeaUe nqell ! 
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EMILr. 

And what it it that produces the dfervetcence 
and tlist thick yellow vi^iaiir ? 

ms. B. 

It is llie add, wliidi, bdng abandoned by tfae 
greyest part of its mcjgai, ib converted into a 
weaker add| wbich escapes in tbe form of gas. 

CAROLINE. 

And whence proceeds this heat? 

MRS. B. 

Indeed, Caroling I think you might now be able 
to answer that question yourself. 

CABOLIHE. 

Perhaps it is that the oxygen enters into die 
metal in a mor6 solid state than it existed in tbe 
acid, in consequence of which cakiric is dism- 

gagei!. 

MBS. B. 

If Eite combination of the o3:ygen and the metal 
faults from the union of their of^Kuite clectncideii 
(tf course calozk must be ^nsi ont. 

ESULT. 

Hie tiSawKoiM is over; therefore I suppose 
that the metal is now ox^ated. . 
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MRS. B. 

Yes. But there is anollici- important connection 
between metals niiU acids, willi which I must now 
make you acquaiiitfd. Melals, «lien in the slate 
of oxyds, art capable oC being tlissolveil by aciiis. 
In this operation llicv enter into a chemical coni- 
bination willi the acid, and form an entirely new 
compound. 

CAROLINE. 

But what liifference is there between the oxida- 
tion and the dissolution of the metal by an acid ? 

In the first ease, the metal merely combines «ith 
a portion of oxygen taken from ihe acid, which is 
tbus partly deoxygenatcd, as in the instance you 
have just seeti ; in the second case, the iiieiol, dier 
being pmioudf <«;fdftted,.is acttuU; disaolvcd in 
■Ae oci^ and entns into ft'dtemicHl. conriunfMaa 
with it) without produdng any further He^bmpo^ 
altion or e%rTe«cence.r^.This complete combhia- 
.tion at aa oxyd and aa scid forma h peculiar nod 
ittip6rtant clAsg of coinpbuild salts. ' ' ' "- 

Eun.7. 

The diGfereace betweei an tayd and a com- 
pound salt, therefore) is very obriont; the one 
'conriitt of 'a metal ^ oxfgBa ; the oUitr of an 
tKfd and an acid. ' 10 - - 
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Very well ; and you will be carefbl to remem- 
ber that the metals are incapable of entering into 
this combtDation with aci()s, unless tiiey are pre- 
viously oxydated ; therefore, whenever you bring 
a metal in contact with an acid, it will be Qnt 
oxydated and afterwards disscdved, ponded tliat 
tbepe be a suffident quantity of acid for both 
operations. 

There are loiAe metala, however, whose tda- 
tion n more easily accomplidied, by diluting the 
acid in water ; and the metal will, in this case, be 

oxydated, not by the acid, but by the water, which 
it will decompose. Bal in pio|jortioii as die 
oxygen of the water oKyiJ;itcs the tiiiface of llie 
metal, the acid combitics with it, washes it off, and 
leaves a fresh surface for the oxygen to act appn; 
then other coats of osyd are sncessively fiwme^ 
and rapidly dissolved by the acid, whldi cdntinues 
combining with the new-formed Burfeces of oxyd 
till the whole of the metal is dissolved. Duriqg 
this process the hydrogen gas of the WKter k.d'*- 
. engaged, and flies off with efiervescence. 

WfS USA tfah the raaniMtr ia s/Wi tie jut-: 
pburic 9eid a«)iri£d the imn fiHogt indeoMiifKisi]^ 
waiter? 

VOL. I. Q 



MBS. B. 

ExBcdfi and it' ic' thus tbat several metah, 
which are incapable filone of decomposing water, 
are Cntbled to do it by the aasistsnce of an acid* 
which, bj continnally washing off the covering of 
oxyd, as it is fiirmed, prepares a fresh soriace of 
melal to act upon the water. 



Tlie acid here seems to act a part not y«ry 
different from that of a scrubbing-hrush. — But 
pntj would not this be a' good method of clean- 
ing metallic utensils? 



Yes i on some occasions a weak acid, as vinegar, 
is used for cleaning copper. Iron plates, too, are 
freed from the rust oil tlieir surface by diluted 
muriatic acid, previous to tlieir iieing covered 
witii tin. You must remember, however, that in 
this mode of cleaning metals the acid should be 
quickly aflcrwarda wiped ol^ otherwise it would 
produce fresh oxyd. 

CAROLINE. 

Let U9 watch the dissolution of the copper in 
the nitric add ; for I am very imp^ent to see the 
idt that i> to reult from it^ The niixtiH« is 
now t£ a beautifiii bine ctdour; but there is- at>- 
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*|)peBmce of the fonnation of a ult ; it seems to 
be ■ tedioo* opaxdoa. 

HKB. B. 

Hie crystallisation of the salt requires some 
length oi time to be completed; if, however, jrau 
are so impatient, I can easUj show you a molallic 
salt already fivmed. 

CAXOLItn. 

Bnt that would not satisfy my curio»ty half ao 
weH u one of our own mannfactariiig. 



It is one of our own preparing that I mean to 
.drow you. When we tlecompohcd water a few 
days dnc^ by the oxydation of Iron filings through 
the assistance of solphntic acid, in what did the 
-proeess ciHisUt? 



In proportion as the water yielded its oxygen'^o 
the iron, the acid combined with the new-feimed 
oxyd, and the hydrogen escaped alone. 



Very well ; the result, therefore, was a com- 
pound lalt, formed by the comtHoation of. nil- 
fihnric acid with oxyd o^ iron. It still FKUains in' 
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d>e Tcssd in «liich the (s^erimcnt vas peribnned. 
Fetch it, and we «hall examine itt 

What It Tarie^ of processes the decomposition 
of water, bjr a metal asd &n itcid, implies: ist, 
the decpmpantitKa 9f the water; Zdly, the 0x7- 
dation of the metal; and Sdly, the foimatiDn of 
a compound mU. 



Here it is, Mrs. B. — What l>eiiotifi]l greeu crys- 
tals I But nc do not perceive anjr crjvtals in the 
solution of copper in nitrous acid? 

UBS. B. 

Because the salt is now suspended in the water 
which the nitrous acid contains, and will remain 
sotiU-H i» d^oiitad* in. nn B yg iOT CT i a£ mt and. 
caoliBgi . 

J flip nin»i^f4 4at B,bpd; 10 opaque as iron fun 
be cifflTeited into eucb aaoBgK9ot viTstals. 

UBS. B. 

It h the union with the acid that prodncea the 
transparency ; for if the pure metal were melted* 
ai^ ^erwards permitted to cool and ciT^allii^ it 
wcmldbefbwidjnit as opa^e asbe&re. 
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I do not understaud the exact meaning of cris- 

taUizaiion. 

You recollect that when a solid body is dis- 
solved, eitber by water or caloric, it is not de- 
composed; but that its integrant parts are only 
suspended in the solvent. When the solu^on is 
made in water, the integrant particles of the body 
will, on the water being evaporated,' again unite 
into a solid mass, by the force of their mutual 
attraction. But when the body is dissolved by 
caloric alone, nothing more is neccsiiary, in order 
to mako its particles re-unite, than to reduce its 
temperature. And, in general, if the solvent, 
whether water or caloric^ be slowly s^arated by 
er^mration or by cooling, and care taken that 
the particles be not agitated during their re-union, 
dufy will auang* themselrei in rt^ular masses, 
eai^ individual substance sssommg s pecdiar form 
or tuTangement ; and this is what' is o^ed crys- 
tallizadoib 



&yBtallfzatio)]» dker^iwe, is (dmply the re-nnioo 
nf the pftitidea of a *M. body whidi tau bwi^ dis- 
solved in a fluid. 
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MBS. B. 

That is a Tery gopd definition of it. Rut I must 
not forget to observe that Aeai and waier may 
unite their Botvent poven; and, in this CBie, ciy** 
tAUization may be haatmed by cooling, hs well as by 
evaporating the liquid. 

CAROLINE. 

But if the body dissolved is of a volatile natuM^ 
witi It not evaporate with the fluid ? 

MRS. B. 

A ci'ystallized body held in aolulion only by 
water is scarcely ever so volatile as the fluid 
itself; end care mutt be token to msoage the heat 
BO that it may be snflldl^it to evaporate the water 
only. 

I should not omit also to mention that bodies, 
in orjslallizing from their watery solution, always 
retain a small portion of water, which remains 
confined in the ciyital, in a «olid form, and does 
not re-appear ntden tlie body loses its dystallEne 
state. TboB ia called the water aystaUitalion. 
But yon must observe, that whilst a body may be 
separated from its solution in water or caloric 
simply by cooling or by evaporation, an acid can 
be takoi from a metal with which it is combmed 
only by stronger affinities, which produce a Aaaamr- 
posidon. 
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Axe tbe perfect metals susceplible of being dis- 
solved and converted into compound salts by 
acids? 

Gold Is acted upon by only one acid, the oxy- 
genoted auowtie, » very remarkable acid, which, 
when in its moit concentrated itate, diasolves gold 
or any other metal, by burning them rapidly. 

Gold can, it is true, be dissolved likewise by a 
mixture of two acidit, connnonly called aqjia regia g 
but this mixed solvent derives that property from 
coiriaining the peculiar acid which I have just men- 
tioned. Flatina is also acted upon by this add 
only ; ulver is dissolved by nitric add. 

CABOUNS. 

I think you and that some of the metals might 
Ik so strongly oxyd&ted as to become add ? ' 

MHS. B. 

There are five meUls, arsenic, molybdena, 
chrome, tungsten, and columbium, which are sus- 
ceptible combining vith a sufficient quantity of 
oxygen to be cwverted into adds. 

caholine. 

Adds are connected with metals in such a va- 
riety of ways, that I am afraid of some coniuuon in 
84 
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remraubering theni. — rin the first place, add* wUI 
yield dieir oxygen to metals. Second^, dMy;«ilI 
conabine with them in their state of oxyda, to finm 
componnd salts : and lastly, several of the metals 
are themH^ves Biucqrtible of addificati^m. 

HBB. B. 

Very well; but thongh metals have so great an 
affinity for acids, it is not with that class of bodies 
alone that th^ will combine. ITiey are most of 
tlieni, in their simple state, capable of uniting with 
sulphur, with pho^honis, with carbon, iind with 
each other; these combinations, according to the 
nomenclature which woe explained to you on a 
former occaeioD, an ottHai siiljAimtStphospiioret^ 

The metallic phosphorets offer nothing very 
remarkable. The Ailphot^b form the peculiar 
kind of mineral called jtffrites, from which certain 
kinds of iauieral waters, as those of Harrogate, 
derive their chief chemical prc^ierties. In this 
combination, the nilphti^, tdgether with ibe iron, 
httn to Isthntg Ha attractidtt kit d&ygtt, diat iku^ 
Sttun it bodi tttaa die Idt anid.lt(»li vrster, and 

CotadeWsiUe It ^ a teUd foha, pt^nce die beat 
whidi raises the telnpeiUUr^ df the Water in 'siu^ i 
ronai^able d^ree. 

' EHILTi 

, Stt If {^i^llM.^bft^sxfgei fetal watei^ Att 
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water must mfibr » vbcoiHpo«tiixi> and hydrogen 
■gas W Evolved. 

That is actually tte case in the hot springs al- 
luded to, which give out an extremely fetid gas, 
composed of hydrogen, impregnated with sulphur. 

}f I recollect right, steel and plumbago, which 
■jfoaanntimed in ibt loit kiasoti, are both carburita 
vfina. - 

HRS. B. ' . 

Yea i and they ore. the only-caibaretB of mudi 
consequence. 

A Gurious combination of metals has lately very 
much attracted the attention of the scientific world : 
I mean the meteoric stones which fall from the at- 
mosphere. They consist principally of native or 
pure iron, which ig<never found in that state in the 
borebof the earth; and contain also a small quan- 
tity, of nickel and cbrom^ a combination liketrite 
new in the mineral kingdom. 

These circumstances have led many scientific 
persons to believe that those substances have fallen 
(ram the moon, or some other planet^ wliile 
otbns -are of t^nioa either that they are fonued 
-jk the abnosphere, or ate in^i^ted into it by tome 
-uAuvnii votooDD on' die Bdt&ce of bur gibbet. 
8 * 
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I have heard much of these stones, bnt I beliere 
many people are of opinion that they are formed 
on the surface of the «artb, and laugh at their pre- 
Mnded celeetial or^in. 

Hits. B. 

The fact of theSt felling it so well ascertained, 
thai I tliii>k no person who has at all inveBttgated 
the subject, can now «itertain any doubt of it- 
Specimens of these stones Itave been discovered 
in all parts uf the world, and to each of them some 
tradilion or story of its fall has been found con- 
nected. And as the analysis of all those specimen* 
affitrds precisely the same resulta, thne is strong 
reason to conjecture that they all proceed from the 
kame BOnrce. ft is to Mr, Howard that phitoso- 
phers are indebted for having first analysed these 
8t<HKSi and directed their attention to this inte^ 
resdiig Aibject. 

CAUOLIHE. 

But pray, Mrf. B,, how can solid masses of iron 
and nickel be formed from the atmosphere, which 
consists of the two airs, nitrogen and oxygen ? 
MRS. B. 

I really do not see how they could, and think it 
much more probable that they &11 from the moon, 
or Bcmu t>di«'ccileitial body, — ^Bot weBuscnMntt 
fer this d^gtasriDfi to take tip too much of our tiim 
•J . 
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METALS. 

The combinations of metals with each other are 
called alloys; thus brass is an alloy of coppez-snd 
ziuc; bronzy of copper and till, &c. 



And is not pewter also a combinatioit of metal P 

MRS. B. 

It is. The pewter msde in thia country is mostly 
composed of tin, with a very small pn^rtion of 
mc and lead. 

Blod>tin is a kind of pewter, I beliere? 
us. B. 

Prt^wrly qwakio^ blot^-tin meuu tin in Uo(&% 
square maiUTe ingots; bat in the sense in wbicit 
it is used by ignorant workmen, it is iron plated 
with tin, which renders it more durable, as tin will 
not so easily rust. Tin alone, however, would be 
too soft a metal to be worked for common use, and 
■11 tin vessels and uten»Is are in fact made of plates 
of irao, thinly coated with tin, which prevents the 
iron from rusting. 

CABOUMX. 

Say tatbor oa^/daiitig, Mrs. B> — But it a word 
Aitihoold be esploded in dwmlstiy. 
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Tab Care, faowevei-, not to ititroiliKe the word 
axydaie, imtad dfnitt, itt g^niel-al UiAVemtWta ; 
fiw yoa would probably not be understood, and you 
might be snspected of a^ctation. 

MetaU dffier very much in dior affinity tar each 
other; some will not unite at all, others readily 
combine together, and on this pmftxty of metals 
the art of soldering depends. 



What ia soldering ? 

It is joiiiing two piiBces df metal together, by a 
morefiisiUeme&diid«p(Hedbctw«aa^oBk Thus 
tin is s solder for lead; bnu>» geldt or Mlteiv are 
leader for iron, &c. 

And is BOt piMtg mettds somctliing of the same 
nature ? 



In the <^eration of plating, two metals are united, 
one being covered .with tbe.atlier, but without the 
.interraa(u)p.<of a-thintt iiA,^wpp0''aMf 'tim 
be covered ^jt]%B"MwitdlvtiVi. 
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Mercury appears to me of a very different nature 
from the other metals. 

One of its greatest peculiarities i;, that it retains 
a fluid itsln at the tciupi^iiiture lA' tliu atraotpbere. 
All incLils ;ire I'uaible Lit diti'ercDt degrees of heat, 
and they have likewise each the property of freezing 
or becoming solid at a certain fixed temperature. 
Mercary congeida only atseventy^two degrees belov 
the freezing point. 

That is to say, that in order to freeze, it reijuii'es 
B temperature of seveuty-two degrees colder than 
that at which water'freeoes. 

HK8. B. 

Exactly to. 

Butii the'^emperature of the atmosphere ever so 
low as that ? 

Mns. B. 

Tlee, often in Siberia; but happily never in this 
fntt tS the globe. Here, however, mercury may 
be cmgealed by artificial cold ; I mean sach in- 
tethe cold as can be produced by some Gbemical 
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mixturesj or b; the ntpid ev^ntitxi <^ ethac 
onder the air-pump.* 

CASOXIHX. . 

ADd can mercury be made to bdl and ev^o> 
rate? 

MRS. B. 

Yes, like any other litjuid ; only it requires a 
much greater degree of heat. At the temperature 
of six huDdred degrees, it begins to boil and eva- 
porate like water. 

Mercury cotabinee with gold, ulver, tin, and with 
several other metals : and, if mixed with any of 
them ID a sufficient proportion, it penetrates the 
solid metal, ttoftene it, loses its own fluidity, and 
forma an ataolgam, which is the name given to the 
combination of any metal with mercury, forming a 
■substance more or Ie« solid, according as the melv 
onry or the other metal predominates. 

In the list of metals there are some whose names 
I have never before heard mentioned. 

MBS. B. 

Beudes those whidi Sir H. Da:vy has obtained^ 
there axe several that have been recaitlj dtsco- 
.vered, whose properties are yet but little knotub 

* BpNceu anabgout to tbat described, [«£« i^, of 
ma volume.' 
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U for instance, titanium, wliicii w:is discovered 
by the Rev. Mr. Gregor, in the tin-mines of Corn- 
wall; coiumbium or tantalium, which has lately 
been dUcovned by Mr. Hatchett; and osmium, 
iridium, palladium, and rhodium, all of vLich 
Dr. Wollaiton and Mr. Tennunt found mixed in 
minute quantities with crude platina, and the dis- 
tinct existence of which they proved by curious 
and delicate esperimenls. More recently still Pro- 
fessor Berzelius has discovered in a pyritic ore, at 
Fahlun, in Sweden, a metallic substance, which he 
has called selenium, and which has the singular pe- 
culiarity of assuming the form of a yellow gas when 
heated in close vessels. In some of its properties 
this Buhstance seems to hold a medium between the 
coDibusUblea and.the metals. It bears in particular 
a strong analogy to sulphur. 



Arsenic has been mentioned amongst the metab, 
I had no notkm that it beltmged to that dats of 
bodies, for IhadDeret seen it bntasa powder, and 
ngvei thought of it but as a most dead^ pmson. 

In its pure metallic state, I believe, it is not so 
poisoiwus; but it has such a great aifinity for 
oxygen, that it absorbs it from the atmosphere aC 
it* natural temperatare » yon hare seoi i^ tliere- 
bK, tnily in its state or oxyd, when, frtan iti 
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Gtmibjiiatipn v/ith. oi^g^, it has acqsired its 
pcosoimw pn^ertiee. 

CAROLINE. 

Is it possible ttiat oxygen can impart poisonous 
qualities? That valuable substance which pi-oJuces 
light and fire, and which all bodies in natui c are 
so eager to obtain? 

Most of the metallic oxyds are poisonous, and 
dftikra Ihis pnaperty from their union with oxygen. 
31ie «tbito lead, bo much used in paint, owes its 
peAlicious effects to oxygen. In general, oxygen, 
in a concrete state, appears to be particularly de- 
structive in its e^cts on Seab or any anitnal maUer; 
and those oxyda are most caustic that have an acrid 
burning taste, which proceeds from th: metal b»Y- 
ing but a slight affinity for ofjgen, and therefore 
easily yielding it to the flesh, which it corrodea and 
destroys. ' 

What is the meaning of the m>t<d ekuttie, wiadk 

you have just used? 

MRS. B> 

It e:^resses that property wklcb some bodies 
possess, ofdisoi^ganiuBganddeMri^ingatfamal nMN 
t^^.^ ^entifig a hiBdof.combBitiKtt In Btileatt 




XHALBL S5S 

heard of caustic used to burn warts, or other ani- 
mal excrescences; most of these bodies owe their 
destructive power to the oxygen with which they 
are combtDed. The common cuittU) called butar 
caustic, is a compound fonoed by the onion of 
nitric add and »Iver; miA it h auppoted to owe its 
caustic qnali&e to the intj^en ooutained in the 
lutricadd. 

cakoLiUb. 

But, pra^f are not acids (till more cotudc than 
oxyds, as thejr contain a greater pnqrartion of AKjr- 

gen? 

MRS. B. 

Some of the acids are; bat the caustic property 
of a body depends not only apaa the quantity of 
oxygen which ii contaiofi, but also apon its sl^t 
affinity for that principle and the consequent fitci- 
lity with which it yields it. 

EMILY. 

Is not this destructive pMpMJ t>f A^^'gtt -ac- 
counted for ? 



It proceeds probably from the strong attraction 
of oxygen for hydrogen ; for if the one rapidly ab- 
scwb the othw from the iitdmd flbr^ a ditorganiza- 
tim «hb nAMkBte HiiM-ttaitMw - 
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CaDBticB ar^ then, very properly said to btim 
the fle^h) siDce the combination of oxygen and hy- 
dFogen is an actual combustion. 

CAKOLIME. 

Now, I tbiok, this effect would be more pro- 
perly termed an oxydation, as there is no dtsen- 
gagemeiit of light and heat. 



But tliere really is a sensation of heat prodnced 
by the action of caustics. 

EMU.T. . . 

If oxygen is so caustic, why does not that which 
is contained in the atmosphere bum us ? 

Because it is in a gaseous state, and has a 
greater attraction for its electricity than for the 
liydrogen of our bodies. Besides, should the air 
be slightly caustic, we are in a great measure 
sheltered from its efiects by the skin ; you know 
how much a wound, however trifling, smarts on 
being e^iosed to iL 

G&ROUNE. 

It Is a curious idea, liowevei«'d)at we should jive 
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III a alow fire. Bnt if the air was cauMic, vootd 
it nBtbave an acrid tasto? 

UBS. B. 

It possibly may hav« such a tutej tfaough in so 
slight B degree, that CDstom haa rendered it iD«en- 

And why is iiol wnti-'r t;iii-tic? Wlicii I liip my 
hand into water, thougli cold, it ought lo burn me 
from the caustic nature of it? oxygea. 

Your 1) and does not decompose the water; the 
dxygea in that state is much better supplied with 
hydrogen than it would be by animal matter, and 
^ ita causticity depend on its aflSnlty for that priiv 
€ap\e, it will be very far from qtutting its state of 
water to act upon your hand. Yon must not for- 
get that oxyds are caustic in proportion ae the oxy- 
gen adheres slightly to them. 

Since the oxyd of nrsenic is poisonous, its acid, 
I suppose, is fully as much so ? 

Yes ! it is one of the strongest poisons in nature. 

Hiere- is a poist»i called verdicts, which forms 
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aa braw Sad copper "hen not kept very cl^n; 
and this, I have heard, is an objection to these 
metals bdng made into kitchen utensils. Is this 
piHSon likewise occasioned hj oxygoi? 

MBB.B. ' 

It is produced by the intervention of oxygra; 
for verdigris is a compound salt formed by the 
union of vinegar and copper ; it is of a beautiful 
green coloUf, and much used in painting. 

^u^ I believe verdigris is oflen formed on cop- 
pet "vii^ no viu^ar.hos been in cont^c^ .with it. . 

kits. B. 

Not real verdigris, but other salts, somewhat 
resembling it, may be produced by tlie action of 
other acids on copper. 

The solution of copper in nitric acid, if evapo- 
rated, afibrds a salt which produces an e&ct on 
tin that will Burprige jVa, and I have pr^re4 
•ome fkrftt die solutioi) we made befor^ duA- 1 
mightshmrit toyau. I ■htdl' Snt q»iiAl»aiHiie 
water on this piece of tia-feil, and dien tome <^ the 
laltt — Now obwrre that I fiild it up wddenljriraBd 
preas it into one lump. 
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CAROL IN 

What a prodigious v^umr isnief fiotn it— and 
sparks of fire I declare I 

I thouglit it would surprise you. The effect, 
however, I dare say you could account for, since 
it u mevely tfaa Gtuuequaice of the o^gec of tb* 
sak Fiddly eotoiDg into a closer combinatiotiwith 

the tin. 

There is also a beautiful green salt too curions 
to be omitted ; it is produced by tha comUnation 
of cobalt with muriatic ncid, which baa the singttlar 
property of fbrtning what is called sympaihetie ini. 
Characters written with this solution are invisible 
when cold, but when a gentle heat is applied, diey 
assume a fine bluish green colour. 

CAROLINE. 

I think one might draw very curious hmdscapes 
with the assistance of this ink ; I would first make 
a water-colour drawing of a winter-scene, in which 
the trees should be leafless, and the grass scarcely 
green; I would then trace all the verdure with 
the hnnsible inl^ and whenever I chose to create 
tpdng, I sbonld hold it beioie Uu fir^ and ita 
vmrmh wfoid cover tlw liw^ao^ ^hih a j'uii 
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That will be n ycry amusing experiment, and I 
advi^ you by all meauE to try it. 

Before we part, I must introduce to your 
ficqtuintaiice the curious raetala whidb Sir H. Davy 
has recently discovered. The history of Aete 
ntraordinary bodies is yet so much in its infancy, 
that I slialt confine myself to a very short accouat 
of them ; it is more important to point out to you 
the vast, and apparently inexhaustible, field of 
research which has beeu thrown open to our view 
by Sir H. Davy's inera«rable discoveries, than to 
enter into a minute sGODiHit of partmilar bodies or 
experiments. 

CABOLIME. 

But I haM heard Aat these discoveries, however 
sploidid and extraordinary, ^e sot very likely to 
prove of any great benefit to the world, aa tbey 
are rather <^gects of cariosity tben of u*e. 

MBB. B. 

Such may be the illiberal conclusions of the igno- 
rant and iiHrrow-iiiindcil ; but those who can duly 
estimate iht iiiivjntages of enlarging the sphere of 
science, n:ust be convinced that the acquisition of 
ereiy new feet, however uaconnected it may at first ' 
a[^)ear with practical utility, must nidmately prove 
beneficial to mankind. But these remarits Are 
acarcely applicable to the present lul^ect ; f<xt rnsme ' 
of the new metals have already proved eminently 
useiiil as dtemical agents, and are liktjy soon to be 
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emiiloyed in ihe arts. For the enumeration of 
these melals, 1 must refer you to our list of simple 
bodies ; tlicy are derived from the Hlknlios, the 
earths, and three of the acids, all of which had been 
hitherto considered as undecompoundable or sim- 
ple bodies. 

When Sir H. Davy first turned his attention to 
theeifectB<tf the VoJtaic battery, he tried itspomr 
on » TaiieQr of compound bodies and gradually 
brought to light n ntunber of new and interestiDg 
facts, which led the way to more important dieco- 
veries. It would be highly interesting Co trace his 
steps in this new departmentof science, but it would 
lead us too far from oar principal object. A general 
view of his most remarkaUe diacoveriei is all that I 
CBH aim at, or that you could, at pmeat, under- 

The&cility with which compound bodies gelded 
te the Voltaic electricity, induced him to make trial 
of its effects on subtttances hitherto considered as 
simple, but which he suspected of being compound, 
and his l esearciies were soon crowned witli the most 

The body which he first submitted to the Voltaic 
battery, and which had QSveF yet been decompoeed^ 
-was one of the fixed alkalieB, called .potash. 13ua 
snbstance gave out an elastic fluid at the pcutive 
wire, which was ascertained to be oxjgtB, and at 
tbe n^ative wire, small gbibole* of a vny high 
metallic lustre, veiy nmilai in appamaiee to mer- ' 
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cury; Aus ^viag tliat potash, which had hitherto 
hsm CQwidered as a simple incombustible body, 
i«M in &M ft loetaiUc oxyd ; and that its incom- 
biH^iiit}! prnfaeaded. iu being already com- 

I auppote tlie wuvs-Dibd intius exptmnMt.-wm 
of pladna, as tbsy ^ntB nben. yew decatapoted 
water; fof if of iwD, Aaoaig^pii nrcnild Iwv&caii* 

bined with the wire^ iasteed of i^earing in the 

form of gas. 

Certainly ; tlie metal, however, wouiil equally 
have beetl disengagetl. H. Davy baa dislin- 
^ilbtd:tlii»>nr«idNtaiHW b^ tbe nana of POfFAs- 
8(vi[, vhicfa ».^ein«ii!&Dni:d^of the ajkali, from 
vfaich it i< procDred. I havo tome small {Hecea of. 
i£iiilhiBpU8i^bi)t7afHlWTC«b<adf lodB as it is 
tbk mstol »lif ^ m boint' ift ecntart itUfa KiitAaiiri 
'■ ' ■ ■■■ .euiLV. 

What is the liquid in which you ]ieep it ? 

MRS. B. 

..It IB, qi^difi, 9 bituminMn Iji|fli4,.ff^ vhi^'I 

tlHtxVilj fiuid in wbii^|>ctaiwmaat)bDtiremm4 
a»S!'i!ont«ha sd otj^n, jnid dtia raBtal -hw ■» 

tqijr Afamb it ftwn tiid ifi^ buE bV*^ &«B;wi«er4 . 
ora^ bg^.gb a tMyr that iiaDfuw it. ' ' ^ 
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Thi^, tlicLi, 13 one of the biniies iliut oxydates 
spill H;iiiwu=lj- without l\w npiilicutioii ofiicat? 

Yei ; uiiil il b:\s this renini-kable |itculi!iiitj, that 
it attracts oxygen much more rapidly trom water 
than irom air; so that when tbrown iato water, 
however cold, it actoally bants into flame. I shall 
now tfarow a small piece, about the size of a pin's 
head, on this drop of water. 

CAROLINE. 

It iDBtantaneougly exploded, producing a little 
flash ofJi^t! Thisie, indeed, a most curious sab- 
stance I 

By its combustion it is re-converted into potash ; 
and as potash is now decidedly a compound body, 
I shall not enter into any of its properties till we 
have completed our review of the simple bodies ; 
but we may here make a few observations on its 
basis, potnssium. If thia subatmice is left in con- 
tact with air, it rapidly returns to the state of pot- 
ash, with a diseOfjagMDrat of heat, but without auy 
flash of light 

EHILY, 

But u it not very angular that it diould bum 
better in wnter than in air ? - , 

TOL. I, n 
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caROLINE- 

1 do Dot tliiiik BO : for if the attracfion-ef p»t- 
ii^'iiium for oxygen is so strongt thai; it find) no moitf 
difficulty in separating it from the hydrogen hi 
water, than in absorbing it from the wr, it will no 
doiibt be more amply and rapidly supplied by water 
than by air. 

Thnt taniiot, hoivever, be precisely the reaMKi, 
tor when potasBium is introduced under water, 
without contact of jur, the combustion is not so 
rapid, and, indeed, in that case, thei-e is no lumin- 
appearance ; but n violent action takes place, 
iiiLicii htnt is excitiHl, the potnsli is regeneraled, 
awl hvilroL'cn gas is evolved. 

Potassium is so eminently combustible, that 
instead of reqniringi like ottoer metals an etevauon 
of temperature, it will bnm rajridlyin contact with 
water, even below the freezing point. Thii yon 
may witness by tin owing a piece on this Inmp of 
ice. 

It again Kiploded with flame, and has made » 
Jeep hole in the ice. 

MBS. B. 

This hole contain! a solution of potash; ft* the 
alkali Being extremely .soluWei disappear* in 
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water at ihe instant it is produced. Its presence, 
however, may be easily ascertained, olkidies having 
the property of changing paper, stained with lur- 
meric, to a red colour ; if you dip one end of lliis 
slip of paper into the hole in the ice you will sec it 
change colour, and the same, if you wet it with the 
drop of water in wluch the Snt piece of potassium 
was burnt. 

CAROLINE. 

It bos indeed chatiged the paper Iram j%llow to 

This nielal will burn likewise in carbonic add - 
gas, a gas l!mt luul always been supposed incapable 
of supporting eombuEtion, as we were unacquainted 
livith sny substance tliat had a greater attraction lor 
oXygen than carbon. PotassiuiUj however, readily 
decomposes this gas, by absorbing its osygen, as I 
shall show you. This retort is filled with carbonic 
odd gas. I will put a small piece of potassium in 
it; bat for this combustion a slight elevation of 
temperature is required, for which purpose I shall 
hold the retort over the lamp. 

CABOUNB. 

Now it hoB taken fir^ and burns with violeodt I 
It has bunt the retbrL 

ii« 
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MRS. B. 

Here is the piece of regenerated potash ; can 
you tell me vhy it biu become so black ? 

EHILY. 

No doubt it is blackened by the carbon, which; 
when its oxygen entered Into combination with the 
potasunm, was deposited on its sur&ce. 

'MRS. B. ' 

You are right. His metal is perfectly fluid at 
the temperatnre of one hundred degrees ; at &hy 
degrees it is solid, bnt soft and raalleable ; at thirty- 
two degrees it b hard and britd^ and its fracture 
exhibits an appearance of confused crystaHiution. 
It is scarcely more than half as heavy as water; its 
specific gravi^ being about six when water is 
reclioned at ten; so that this mclnl is actually 
lighter than any known fiuid, evtn than etlier. 

Potassium combines with sulphur and phos- 
phorus, forming sulphurets and pho^hurels; it 
likewise forms alloys with several metals, and 
amalgamates with mercury. 

But can a sufficient quantity of potassium be 
obtained, by means cjf the Voltaic battery, to admit 
of ^ its properties and relationi to o^tor bodies 
bang satisfactorily ascertuned ? 
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' Not easily,' but I must not neglect to inferm 
yod tbat n method of otlaining this metal in con- 
eideraUe quantities has since been discovered. Tivo 
eminent French chemist?, Tiienard and GiivLussiii;, 
stimulated by the ti'iumjili wliich Sii- H. l)avy iinii 
obtained, attempted to separate patnssium fi'om iis 
combination with oxygen, by- common chemical 
means, and vrithmit Ac «d of electric!^. Tlicj 
caused red-hot potash in a state of fesion to filter 
through iron turnings in nn iron tube, heated to 
whiteness. Their experiment was crowned witli 
the most complete success; more potassium was 
obtained by this single iteration, than could liare 
been collected in many weeks by the most diligent 
use of the VoltMC battpry. 

In this experiment, I suppose, the oxygen 
(quitted its combination with the potassium to unite 
with the iron (urningB? 

MRS. B. 

Exactly so ; and the potassium was (h^obtained 
in Its simple stale. From thst time it has become 
a most convenient and powerful inatmment ol' 
' deoxygenation in chemical expei-iments. Tiiis 
important improvement,- engrafted on Sir 11, 
' Davy's previous discoveries, served but to add.to 
' bis gloEy, since the &cts which he had established, 
R 3 
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when posGessed of only-a few atoms of this curious 
Mibslance, and the accuracy of his analytical state- 
meats were all confirmed when an opportunity 
OGcarred of repeating his esperimenta upon ttus 
snbsUiie^ which caa now be obtained in aidiiitftej 
quantities. 

What a satisfactlo.! Sir It. Davy .,iust have felt, 
when by an effort of genius he siiccccJed m bring- 
ing to light and actually giving existence to these 
curious bodies, which without him might perhaps 
have ever remained concealed from our view I 

The next substance which Sir H. Davy submitted 
£0 the influence of the Voltaic battery uas Soda, 
the other fixed aDcali) which yielded to the same 
powers of dccompoution; from tliis alkoU tof^ a 
metallic substance was obtained) very analogous in 
its properties to that which had been discovered in 
potash ; Sir H. Davy has called it soDinit. It ia 
rather heavier than potassium, though Gondderald; 
lighter thaii water; it ia not so ca«Iy iusibte as 

Encouraged by these extraordinary results, Sir 
H. Davy next performed a series of beautiful ex- 
periments ou Aamoma, or the volatile alkali, which, 
irom analogy, hems led tosaqjectmi^t also con- 
tain ox;^^ 1^ he soon ascertained tolie tke 
10 
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fact) but he has not yet succeeded in obtuning the 
basis of ammonia ins separate state; it is from ana- 
logy, and from the power which tlie volatile alkali 
has, in its gaseous form, to oxydate iron, and also 
from the amalgams which can be obtained from 
ammonia by various processes, that the proofs of 
that alkali being also a metallic oxyd are deduced. 

Utat,. thai, the three alkalies, two of which bad 
always been considered as simple tiodie% hare now 
lost all claim to that title, and I have accordmgly 
classed the alkalies amongst the compounds, whose 
properties we shall treat of in a future conversation. 

. What are the other newly discovered metals 
which yon have allnded to in yoor list of ampif 
bodies? 

They sre the metals of the earths whicli became 
next the object of Sir H. Davy's rtsenrches ; these 
bodies had never yet been decomposed, though 
they were strongly suspected not only of bebg 
Gomponnd^ but of being metallic oxydi. From 
the drcumstance of their incombustibili^ it wbb 
Goi^ectured, with some plausibility, that theym^t 
pouibly be bodies that bad been already burnt. 

CAROLINE. 

- And metal% vbeD oxydated, become Uf all 
^speannc^ a kind (^earthy BnbsUiic& 
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VK8. B. - , ■ 

They have, beeidea, several features of.nisem- 
blance with metallic oxydg; Sir H. Davy had} 
tbererore, great reason to be sanguine in his ex.- 
pcctatiojis of decomposing them, and he was not 
disappoinled. He could not, however, succeed in 
obtaining the basis of the earths in a pure separate 
state ; but metallic alloys were formed with other 
metals, which sufficiently proved the existence of 
the metallic basis of the earths. 

The last class of new metallic bodies which Sir 
H. Davy discovered was obtiuned from the three 
iindecom pounded acids, the boracic, the fluoric, 
and the muriatic ncids; but as you are entirely 
unacquainted with these bodies, I shall reeerve the 
account of their decomposition til! we come to 
treat of tbeir properties as acids. 

Thus in the course of two years, by the nnpa- 
rallded otertifme of a single individual, chemical 
Moence has Bsntned a new aspect. Bodies liave 
teonght to ligbt whicb the human eye never 
Jjefbre beheld, and which might have remiiiiied 
eternally concealed under their impenetrable dis- 
guise. 

It is impossible at the present period to appre- 
ciate to their full extent the eonseijueDces whicli 
science or the arts may derive from tliese (iisco- 
veries; we may, however, anticipate the most 
important results. 

tn diemical analysis w« are now in possesuon of 
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more energetic agents of decomposition than were 
ever before known. 

In geology new views are opened, which will 
probably operate a revolution in that obscure and 
diflicnit tcience. It is already prored that all the 
earths, and, in facl^ the solid surface of this glob^ 
are metallic bodies mineralized by oxygen, and 
as our planet has been calculated to be consider- 
ably more dense upon the whole than it is on the 
surface, it is reasonable to suppose that the interior 
of the earth is composed of a metollie mass, the 
surface of which only bas been mineralized by the 
atmosphere. 

The eruptions of volcanos, those stupendous pro- 
blems of nature, admit now of an easy explanation. 
For if the bowels of the earth are the grand recess 
of these newly discovered inflammable tHidies, when- 
ever water penetrates into them, combustions and 
explosions must take place ; and it is remarkable 
that the lava which is thrown out, is the very kind 
of substance whi^ might be expected to result from 
these combustions. 

I nmst DOW take my leave of you ; we have hod 
B very long conver»ition to-day, and I hope you will 
be able to recollect what yon have leunt. At our 
next interview we shall enter on a new subject 
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Price 7i. plain, or coloured. 

The FAMILY SHAKSPEARE ; in v,hich nothing is :idded 
10 the oriffinal Test; but those Words and Exprcwions are 
iimitled which cannot with propriety be read aloud in a Fa- 
mily. By THOMii BowBLEn, Esq. F.R.S. and S.A. Second 
Edition.. In id Vol), royal IHnio. Price si. St. boards. 
. NEW DESCRIPTIVB CATALOQUE, with Diagrami of 
ihctd^le Fonnt orCi7>U]>i calculated for the AmugeuKDt 
ofCollec^oiu. Price Tf. 
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boards. By Jajus Edwako Smith, M.D.F.R.S. &c. &c. Pre- 
ddent of the LinnLean Soeietj. 
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. SELECT WORKS of the BRITISH POETS, with Bio- 
ar«^cal and Ciitii:^ Pretsces. Bj Dr. Ainu. For the me of 
ocfiools. Id 1 large VoLof si9P«eei>HedTuin 8To. ISt. extra 

The olgect of this Work, wludi is eetirely new, is to com- 
prise, wicbin a single Tolam^ a Chronolo^eal Series of our 
f^Bsdcal Poets, from Ben Jonion to Beattie, without mntila- 



Jiennrci that few poems, it is believed, are omitted, exc«it aidi 
as are of secondary ment, or unnutad to the penual of youtb. 
The "Woti, within ihcae bouadi.awy be tanmd a " librarvof 
daraical English Pocliy," and may safety be recommended to 
tlie Heads of Schoolsingeneral.aDil to the libraries of Young 

SELECT WORKS of the BRITISH POETS t with ffiogra* 
pUcal and Critical Prefaces. By Dr. Aiein. In 10 7oIb. royal 
JSmo. Price S'. Aiso.in 10 Vols, pou IBmo. Price aJ: 
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IHE ELEMENTS of ASTRONOHYj with Methods fc 
datecmlniim the Longitades, Aapects, &e. of tlie Planets, lor 
any future time; and an exCen«ve Set of Geugraphical and 
AatronomiMl Problems on the Globes. Designed for the use of 
Sdiools and junior Students. By S. Treebt, Teucher of the 
Uathemadcs and Clasiics, &c. &c. In isnwi. with Pbles. Price 
n.firf. bound. 

THE BEITISH THEATRE; or r. C.Krn^.;) Hays, 
which are act^ at the Theatres Rdv>' Ui i<[;-L.<ii.>, C-.nent- 
Garden, and Hay^Markett priuted uiulcr [lie AiLilinrltj', uud by 
Pomiisiouoflhe Mimntts, from the Prumi>i-Boi>tL>, with Bio- 
paphicalaod Criticd Semuks. By Mrs. Inchbild. With ele- 
gtmt en^vings. In asVbls. royal lene. Price et. Ifli. «iL} 
or, on fine Paper, with Portrtdla lod Proof Imprauionf of the 
ffeteK Piice isj; board). 
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